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QPUCTIQN 

The  Interagency  Coordinating  Committee  on  Structural  Ceramics  (ICCSC) 
held  its  annual  meeting  May  13,  1992.  The  primary  function  of  the  ICCSC 
is  communication  and  coordination  among  managers  of  federally  funded 
research  and  development  programs  in  structural  ceramics. 

The  focus  of  the  Committee  is  on  structural  ceramic  materials,  including 
both  monolithic  ceramics  and  ceramic  matrix  composites.  Twenty- three 
government  program  offices  sponsored  $120  million  of  unclassified 
research  and  development  in  fiscal  year  1992  on  these  materials  for 
applications  in  high  performance  transportation  engine  and  turbine 
systems,  cutting  tools,  heat  exchanges,  armor,  bearings  and  aerospace 
engine  and  airframe  components.  These  applications  are  critical  to 
international  commercial  competitiveness  since  they  represent  large 
potential  markets  and  also  underpin  the  national  defense  posture. 

This  Committee  regularly  brings  together  federal  program  managers  that 
have  management  responsibilities  for  such  diverse  research  and 
development  programs  with  a  common  denominator  of  interest  and  needs 
in  structural  ceramics.  It  provides  a  mechanism  for  maximizing  the  total 
effectiveness  and  resource  sharing  of  government  supported  research  and 
development  in  structural  ceramics  and  assures  that  there  is  not 
redundancy  or  undesirable  overlap  in  this  coordinated  effort. 

Twenty-three  federal  program  offices  contributed  to  the  proceeding  of  this 
meeting  which  was  chaired  Thomas  W.  Crooker  of  the  National 
Aeronautics  and  Space  Administration.  Presentations  were  made  which 
included  both  budgetary  and  programmatic  information  on  the  agencies 
with  an  emphasis  on  each  program’s  mechanism  of  technology  transfer. 
The  following  funding  summary  table  has  been  extracted  from  the 
presentations  and  augmented  with  data  supplied  subsequently  by 
committee  members  to  determine  fiscal  year  1991,  1992  and  estimated  1993 
levels.  The  table  is  a  summary  which  avoids  duplicative  data  which  would 
give  an  erroneously  high  estimate  of  funding  in  this  field.  It  should  be 
noted  that  the  nature  of  research  reported  ranges  from  basic  to  applied  and 
includes  those  portions  of  large  component  development  projects  which,  in 
the  judgement  of  the  program  managers,  are  clearly  related  to  structural 
ceramics.  Further,  it  should  be  understood  that  funding  for  fiscal  year  1993 
are  estimates  which  may  change. 

A  directory  of  the  various  program  office  representatives  to  this  committee 
follows  the  following  funding  summary  table. 

The  National  Aeronautics  and  Space  Administration  appreciated  the 
opportunity  to  host  the  ICCSC  meeting  and  hence  facilitate  coordination  of 
efforts  in  this  critical  field.  The  next  meeting  of  the  ICCSC  is  scheduled  for 
May  12,  1993,  Dr.  David  I.  Lewis,  III  of  the  Naval  Research  Laboratory. 


1 


FEDERALLY  SUPPORTED  RESEARCH  AND  DEVELOPMENT 
IN  STRUCTURAL  CERAMICS 


FUNDING  SUMMARY  TABLE  ($M) 


Organization 

FY  1991 

FY  1992 

President’s  Request 
FY  1993 

NSF 

4.85 

5.090 

5.93 

DOC-NIST 

2.8 

2.62 

3.3 

DOI-Bureau  of  Mines 

2.99 

3.19 

2.47 

DOE-BES/Materials  Sciences 

8.410 

7.192 

9.060 

DOE-Transportation  Tech. 
Ceramics  Tech,  for  ADV.  HT. 
ENG. 

16.400 

16.500 

18.500 

DOE-Transportation  Tech. 
ADV.  Turbine  &  Tech. 
Applications  Program 

11.725 

12.148 

11.5 

DOE-ADV  Industrial 

Concepts 

1.80 

2.10 

2.15 

DOE-Fossil  Energy 

1.29 

1.192 

0.808 

DOE-Heavy  Duty 
Transportation 

0.35 

0.5 

0.8 

DOE-Industrial  Technologies 
Industrial  Tech.  Energy 
Efficiencies 

5.775 

7.875 

7.9 

NASA 

18.4 

25.4 

34.9 

DARPA 

25 

14 

12 

ARO-Durham 

0.8 

1.0 

1.0 

Army-MTL 

6.57 

2.65 

X76 

Army  Strategic  Defense  Cmd. 

0.5 

0.1 

0.5 

AFOSR 

8.78 

8.5 

4.0 

Wright  Research  & 
Development  Laboratory 

4.5 

4.5 

5.0 

ONR 

2.5 

2.892 

7.2 

Naval  Surface  Warfare  Ctr. 

0.075 

0.001 

0 

Navel  Research  Laboratory 

0.264 

0.920 

1.200 

Naval  Air  Warfare  Center 

0.9 

0.85 

1.5 

Office  of  Naval  Technology 

0.05 

0 

0.3 

Strategic  Defense  Initiative 

0.53 

0.53 

0.53 

Total 

125.3 

119.8 

134.3 

The  above  table  represents  an  accurate  summary  of  federal  funding  for 
research  and  development  in  structural  ceramics.  The  numbers  herein 
represent  activity  in  structural  ceramic  research  and  development.  They 
do  not  necessarily  correspond  to  systems  design  or  development  programs 
budget  line  items,  from  which  many  structural  ceramics  efforts  were 
estimated  by  pro-rating. 
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INTERAGENCY  COORDINATING  COMMITTEE 
ON  STRUCTURAL  CERAMICS  FY  1992 
MAY  13, 1992 

W.  J.  SCHAFER  ASSOCIATES,  INC. 

1901  NORTH  FORT  MYER  DRIVE,  SUITE  800 
ARLINGTON,  VA  22209 


AGENDA 


Wednesday,  May  13, 1992 


9:00  am 

9:15  am 
9:45  am 
10:00  am 
10:15  am 

10:30  am 

10:45  am 

11:00  am 
11:15  am 
11:30  am 


Chairmens’  Welcome 
Keynote  Address 

National  Institute  of  Standards  &  Technology 

Gas  Research  Institute 

Department  of  Energy/Office  of  Basic  Energy 

Sciences/Division  of  Materials  Sciences 

Department  of  Energy/Office  of  Transportation 

Technology/Advanced  Materials  Division/AICD 

Department  of  Energy/Office  of  Transportatioh 

Technology/ Advanced  Propulsion  Division 

National  Science  Foundation 

Office  of  Naval  Research 

Office  of  Naval  Technology 


Mr.  Thomas  Crooker 
Mr.  Stephen  Moran 
Dr.  Lyle  Schwartz 
Dr.  S.J.  Dapkunas 
Dr.  Michael  Lukasiewicz 

Dr.  Alan  Dragoo 

Mr.  Robert  Schulz 

Mr.  Saunders  Kramer 
Dr.  Frank  Wang 
Dr.  Steven  Fishman 
Dr.  William  Messick 


11:45  am  Lunch 


1:00  pm 
1:15  pm 
1:30  pm 
1:45  pm 
2:00  pm 
2:15  pm 
2:30  pm 
2:45  pm 
3:00  pm 
3:15  pm 

3:30  pm 

3:45  pm 
4:00  pm 
4:15  pm 


Naval  Research  Laboratory 

Naval  Surface  Warfare  Center 

Naval  Air  Warfare  Center/Aircraft  Division 

Naval  Air  Propulsion  Center 

Army  Strategic  Defense  Command 

Air  Force  Office  of  Scientific  Research 

Wright  Laboratory/Materials  Directorate 

NASA  Office  of  Aeronautics  &  Space  Technology 

Defense  Advanced  Research  Project  Agency 

Bureau  of  Mines 

Army  Research  Office/Army  Tank  Automotive 
Command 

Army  Materials  Technology  Laboratory 
Strategic  Defense  Initiative  Office 
Department  of  Energy  Environmental 
Restoration  and  Waste  Management 


Dr.  David  Lewis 
Dr.  Inna  Talmy 
Mr.  Randall  Sands 
Ms.  Dawn  Migliacci 
Mr.  Doug  Ennis 
Dr.  Walter  Jones 
Dr.  Allan  Katz 
Mr.  Stephen  Moran 
Dr.  William  Coblenz 
Dr.  Sara  Dillich 
Dr.  Garret  Hyde 

Mr.  Wilbur  Simmons 
Dr.  M.R.  Fletcher 
Lt.  Col.  Michael  Obal 

Dr.  Alan  Dragoo, 
for  Dr.  Stanley  Wolf 
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INTERAGENCY  COORDINATING  COMMITTEE 
ON  STRUCTURAL  CERAMICS 

MEMBERSHIP  DIRECTORY 


Mr.  R.A.  (Ron)  Bradley 
Oak  Ridge  National  Laboratory 
P.O.  Box  2008 

Oak  Ridge,  TN  37831-6063 
TELEPHONE  :  6 1 5-574-6094 
TELEFAX:  615-574-6098 


Dr.  Walter  Bryzik 

United  States  Army  Tank  Automotive  Command 

AMSTA-RGR,  R&D  Center 

Propulsion  Systems  Division 

Warren,  Ml  48397-5000 

TELEPHONE:  313-574-6461 

TELEFAX:  313-574-5054 


Ms.  Margaret  Cahill 

United  States  Department  of  Commerce 
14th  Street  and  Constitution  Avenue  NW 
Room  3878 

Washington,  DC  20230 
TELEPHONE :  202-377-3795 
TELEFAX :  202-377-5650 


Mr.  James  Carr 

United  States  Department  of  Energy 
FE-14 

Room  B-127  ; 

Washington,  DC  20585 
TELEPHONE :  301-903-6519 
TELEFAX : 


Dr.  William  Coblenz 

Defense  Advanced  Research  Project  Agency 
Material  Science  Division/DSO 
3701  North  Fairfax  Drive 
Arlington,  VA  22203-1714 
TELEPHONE :  703-696-2288 
TELEFAX :  703-696-2201 


11/10/92 
10:24  AM 


ICCSC  Database  Output 
W.J.  Schafer  Associates 


Mr.  Thomas  W.  Crooker 
NASA  Headquarters 
OAST/NASP  Directorate 
Code  RNH 

Washington,  DC  20546-0001 
TELEPHONE :  202-453-2748 
TELEFAX :  202-755-0607 


Dr.  S.  J.  Dapkunas 

National  Institute  of  Standards  and  Technology 

Ceramics  Division 

Building  223/A256 

Gaithersburg,  MD  20899 

TELEPHONE  :  301  -975-61 1 9 

TELEFAX:  301-990-8729 


Dr.  Sara  Dillich 
United  States  Bureau  of  Mines 
810  7th  Street  NW 
Mail  Stop  6204 
Washington,  DC  20241 
TELEPHONE:  202-501-9282 
TELEFAX:  202-501-9957 

Dr.  Alan  L.  Dragoo 
United  States  Department  of  Energy 
ER-1 31/Division  of  Material  Sciences 
Office  of  Basic  Energy  Sciences 
Washington,  DC  20585 
TELEPHONE:  301-903-3428 
TELEFAX:  301-903-6594 


Dr.  Dwight  Dustin 
Pentagon 

Strategic  Defense  Initiative 
OSD/TNI 

Washington,  DC  20301-7100 
TELEPHONE  :  703-693- 1 673 
TELEFAX:  .703-693-1695 


11/10/92 
10:24  AM 
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Mr.  Jeff  Eagleson 
Lanxide  Corporation 
1001  Connecticut  Avenue 
Suite  1001 

Washington,  DC  20036 
TELEPHONE  :  202-331-1 1 33 
TELEFAX:  202-331-0893 


Dr.  William  Ellingson 

Argonne  National  Laboratory 

Materials  and  Component  Technology  Division 

Mail  Stop  212-E215  9700  South  Cass  Avenue 

Argonne,  IL  60439 

TELEPHONE :  708-252-5068 

TELEFAX :  708-252-4798 


Mr.  Doug  Ennis 

United  States  Army  Strategic  Defense  Command 
ATTN:  CSSD-SL-K 
P.O.  Box  1500 

Huntsville,  AL  35807-3801 
TELEPHONE:  205-955-1494 
TELEFAX:  205-955-1432 

Mr.  John  Fairbanks 

United  States  Department  of  Energy 

Office  of  Transportation  Technologies 

Washington,  DC  20585 
TELEPHONE :  202-586-8066 
TELEFAX:  202-586-1600 


Dr.  Steven  Fishman 
Office  of  Naval  Technology 
800  North  Quincy  Street 

Arlington,  VA  22217-5000 
TELEPHONE :  703-696-4401 
TELEFAX:  703-696-0934 


11/10/92 
10:24  AM 
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Dr.  Martha  R.  Fletcher 

United  States  Army  Materials  Technology  Laboratory 
SLCMT-EMC 

Watertown,  MA  02172-0001 
TELEPHONE:  617-923-5049 
TELEFAX:  617-923-5113 


Mr.  S.  W.  Freiman 

National  Institute  of  Standards  and  Technology 
Building  223 
Room  A256 

Gaithersburg,  MD  20899 
TELEPHONE:  301-975-5761 
TELEFAX:  301-990-8729 

Dr.  Robert  J.  Gottschall 

United  States  Department  of  Energy 

Office  of  Basic  Energy  Division  of  Materials  Science 

ER  131  Mail  Stop  G-236 

Washington,  DC  20585 

TELEPHONE:  301-903-3428 

TELEFAX:  301-903-6594 


Mrs.  Debbie  A.  Haught 
Naval  Surface  Warfare  Center 
Code  R31 

Silver  Spring,  MD  20903 
TELEPHONE:  301-394-2269 
TELEFAX:  301-394-2414 


Dr.  William  S.  Hong 
Institute  for  Defense  Analyses 
1801  N.  Beauregard  St. 

Alexandria,  VA 

TELEPHONE :  703-578-2826 
TELEFAX :  703-578-2877 


11/10/92 
10:24  AM 
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Dr.  David  Huber 

National  Critical  Materials  Council 
Office  of  Science  and  Technology  Policy 
730  Jackson  Place  NW 
Washington,  DC  20506 
TELEPHONE :  202-395-7200 
TELEFAX:  202-395-1575 

Dr.  Garrett  R.  Hyde 

United  States  Bureau  of  Mines 

810  7th  Street  NW 

Mail  Stop  6204  Minerals  and  Material  Department 
Washington,  DC  20241 
TELEPHONE :  202-501-9281 
TELEFAX:  202-501-9957 


Dr.  Sylvia  Johnson 

SRI  International 

333  Ravenswood  Avenue 

Menlo  Park,  CA  94025-3493 
TELEPHONE  :  4 1 5-859-4277 
TELEFAX:  415-859-4100 

Dr.  Ray  Johnson 

Oak  Ridge  National  Laboratory 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6063 
TELEPHONE:  615-574-6832 
TELEFAX:  615-574-6098 


Dr.  Walter  Jones 
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Air  Force  Office  of  Scientific  Research 
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TELEPHONE :  202-767-0470 
TELEFAX:  .  202-767-4988 
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Oak  Ridge  National  Laboratory 
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Dr.  Allan  Katz 
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Materials  Directorate 
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TELEPHONE:  513-255-9824 
TELEFAX:  513-255-3007 


Dr.  Max  Klein 
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TELEPHONE :  202-662-8934 
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United  States  Department  of  Energy 
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TELEFAX:  202-586-1600 


Mr.  Paul  A.  Lessing 
EG&G  Idaho 

Idaho  National  Engineering  Laboratory 
P.O.  Box  1625 

Idaho  Falls,  ID  83415-2218 
TELEPHONE :  208-526-8776 
TELEFAX:  -  208-526-0690 


11/10/92 
10:25  AM 


7f 


ICCSC  Database  Output 
W.J.  Schafer  Associates 


Dr.  Stan  Levine 

NASA  Lewis  Research  Center 

Mail  Stop  106-5 

Cleveland,  OH  44135 
TELEPHONE:  216-433-3276 
TELEFAX:  216-433-5544 


Dr.  David  Lewis,  III 
Naval  Research  Laboratory 
Mail  Code  6370 

Washington,  DC  20375-5000 
TELEPHONE:  202-767-2131 
TELEFAX  :  767-4470  (CODE  6373) 


Mr.  Ronald  Loehman 
Sandia  National  Laboratories 


Albuquerque,  NM  87185 
TELEPHONE :  505-844-2222 
TELEFAX :  505-846-5064 


Mr.  Michael  Lukasiewicz 
Gas  Research  Institute 
8600  West  Bryn  Mawr  Avenue 

Chicago,  IL  60631 
TELEPHONE:  312-399-8315 
TELEFAX:  312-399-8170 


Mr.  William  Martin 

United  States  Army  Strategic  Defense  Command 
ATTN:  CSSD-AT-P 
P.O.  Box  1500 

Huntsville,  AL  35807-3801 
TELEPHONE:  205-955-1533 
TELEFAX:  205-955-1432 


11/10/92 
10:25  AM 


7g 


ICCSC  Database  Output 
W.J.  Schafer  Associates 


Mr.  Curtis  Martin 

Naval  Surface  Warfare  Center 

Code  R31 

Silver  Spring,  MD  20903 
TELEPHONE  :  301  -394-50 1 5 
TELEFAX:  301-394-2414 


Mr.  Siamack  Mazdiyasni 
Wright  Laboratory 
WL/MTPM 

Wright-Patterson  Air  Force  Base,  OH  45433-6533 
TELEPHONE:  513-255-5151 
TELEFAX:  513-476-4420 


Mr.  Eric  McDonald 

United  States  Department  of  Commerce 
14th  Street  and  Constitution  Avenue  NW 
Room  3878 

Washington,  DC  20230 
TELEPHONE :  202-377-3795 
TELEFAX :  202-377-5650 


Dr.  William  T.  Messick 
Office  of  Naval  Technology 
Code  225 

800  North  Quincy  Street 
Arlington,  VA  22217-5000 
TELEPHONE  :  703-696-4792 
TELEFAX :  703-696-6887 


Ms.  Dawn  Migliacci 

Naval  Air  Warfare  Center  Aircraft  Division 

Division  PE34 

P.O.  Box  7176 

Trenton,  NJ  08628 

TELEPHONE :  609-538-6927 

TELEFAX:  609-538-6532 


11/10/92 
10:25  AM 


ICCSC  Database  Output 
7h  w.J.  Schafer  Associates 


Mr.  Stephan  Moran 
NASA  Headquarters 
Code  RJH 


Washington,  DC  20546-0001 
TELEPHONE :  202-453-2722 
TELEFAX :  202-755-4068 


Mr.  James  P.  Mosquera 

United  States  Department  of  Energy 

Code  NE60 

Washington,  DC  20585 
TELEPHONE:  703-602-1489 
TELEFAX : 


Lt.  Col.  Michael  Obal 

Pentagon 

SDIO/TNK 

Washington,  DC  20301-7100 
TELEPHONE:  703-693-1663 
TELEFAX:  703-693-1702 

Mr.  Lawrence  R.  Phillips 
Wright  Laboratory 
WL/FIBA 

Wright-Patterson  Air  Force  Base,  OH  45433-6533 
TELEPHONE:  513-255-6639 
TELEFAX:  513-255-3740 

Dr.  Robert  R.  Reeber 
U.S.  Army  Laboratory  Command 
Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 
TELEPHONE:  919-549-4318 
TELEFAX:  919-549-4310 


11/10/92 
10:25  AM 


ICCSC  Database  Output 
W.J.  Schafer  Associates 


Dr.  Terence  Ronald 
Wright-Patterson  Air  Force  Base 
NAF/Joint  Program  Office 
ASD/NA 

Wright-Patterson  Air  Force  Base,  OH  45433-6503 
TELEPHONE:  513-255-1858 
TELEFAX  :  5 1 3-258-4822 

Mr.  Robert  Ruh 
Wright  Laboratory 
WL/XPN 

Wright-Patterson  Air  Force  Base,  OH  45433-6533 
TELEPHONE:  513-255-0273 
TELEFAX  :  5 1 3-259-0270 

Mr.  Randall  Sands 
Naval  Air  Warfare  Center 
Code  6063 

Warminster,  PA  18974-5000 
TELEPHONE:  215-441-3956 
TELEFAX  :  2 1 5-441-3739 

Mr.  Robert  Schulz 

United  States  Department  of  Energy 

CE-34 

FORSTL 

Washington,  DC  20585 
TELEPHONE :  202-586-8051 
TELEFAX:  202-586-1600 


Dr.  Lyle  H.  Schwartz 

National  Institute  of  Standards  and  Technology 

Director,  Materials  Science  and  Engineering  Laboratory 

Building  223  Room  B309 

Gaithersburg,  MD  20899 
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Mr.  Gerald  Seidel 
NASA  Headquarters 
Code  RJR 

Washington,  DC  20546-0001 
TELEPHONE :  202-453-2833 
TELEFAX :  202-755-4068 


Dr.  Wilbur  Simmons 
Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 
TELEPHONE:  919-549-4329 
TELEFAX:  919-549-4310 

Dr.  Charles  Sorrell 

United  States  Department  of  Energy 

CE-232 

FORSTL 

Washington,  DC  20585 
TELEPHONE :  202-586-1514 
TELEFAX:  202-582-7114 


Mr.  Randolph  Steer 
United  States  Government 
OMB/ESD 
NEOB  Room  8013 
Washington,  DC  20503 
TELEPHONE:  202-395-3164 
TELEFAX:  202-395-3165 

Dr.  W.D.  Stephens 
REDC  Missile  Command 
Propulsion  Directorate 
Redstone  Arsenal 
Huntsville,  AL  35898 
TELEPHONE :  205-876-3732 
TELEFAX:  .  205-876-4356 
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Dr.  David  P.  Stinton 

Oak  Ridge  National  Laboratory 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6063 
TELEPHONE  :  6 1 5-574-4556 
TELEFAX:  615-574-7721 


Dr.  Inna  G.  Talmy 

Naval  Surface  Warfare  Center 

Code  R31 

Silver  Spring,  MD  20903 
TELEPHONE:  301-394-2268 
TELEFAX:  301-394-2414 


Dr.  Brian  G.  Volintine 
United  States  Department  of  Energy 
Office  of  Industrial  Processes 
CE-232 

Washington,  DC  20585 
TELEPHONE:  202-586-1739 
TELEFAX:  202-586-7114 


Dr.  Franklin  F.  Y.  Wang 
National  Science  Foundation 
Division  of  Materials  Research 
1800  G  Street  NW 
Washington,  DC  20550 
TELEPHONE :  202-357-9789 
TELEFAX :  202-357-7959 

Mr.  Frank  Warvolis 
Naval  Air  Propulsion  Center 
Division  P34 
P.O.  Box  7176 

TELEPHONE :  609-538-6928 
TELEFAX:  .  609-869-5604 
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Mr.  Richard  D.  Weller 
Naval  Surface  Warfare  Center 
Code  R31 

Silver  Spring,  MD  20903 
TELEPHONE:  301-394-1317 
TELEFAX:  301-394-2414 


Ms.  Brenda  K.  Wilson 
W.J.  Schafer  Associates 
525  School  Street  S.W. 

Suite  301 

Washington,  DC  20024 
TELEPHONE  :  202-863-9 1 59 
TELEFAX :  202-863-9292 


Dr.  Stanley  M.  Wolf 

United  States  Department  of  Energy 

Office  of  Environmental  Restoration  and  Waste  Management 
EM-54 

Washington,  DC  20585 
TELEPHONE:  301-903-7962 
TELEFAX : 
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INTERAGENCY  COORDINATING  COMMITTEE 
ON  STRUCTURAL  CERAMICS 


PRESENTATIONS 


ADVANCED  MATERIALS  AND  PROCESSING: 

The  Kxiemt  Program  in  MatcrinK  Science  and  Teclmologj 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  INSTITUTE  OF  STANDARDS  AND 
TECHNOLOGY 
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Public  Television 


AMERICA’S  NEW  WEAPON:  LOW-COST  CAPITAL. 


,  V^ULVaa,  1991 


.A  McGRAW-HILL  publication 


•  $230 
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Call  it  the  Materials ; 
Age.  Bv  combining  . 
atoms  in  novel  ways, 
scientists  arc  creating 
materials  tlfil  open  * 
up  bold  possibilities: 
Pocket  size  super-  X 
computers,  . 
superlight 
aircraft,  bridges 
that  warn  When 
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MATERIALS-RELATED  committee 


COMAT - Materials  Steering  Group 
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Breakthrough  Opportunities 


U.S.  ADVANCED  MATERIALS  AND  PROCESSING  PROGRAM 

(AMPP) 
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OPPORTUNITIES  FOR  FUTURE  EMPHASIS  IN  AMPP 


NATIONAL  INSTITUTE  OF  STANDARDS  AND  TECHNOLOGY 
MATERIALS  SCIENCE  AND  ENGINEERING  LABORATORY 


MAY  13,  1992 


National  Institute  of  Standards  and  Technology 
ORGANIZATIONAL  CHART 


MATERIALS  SCIENCE  AND 
ENGINEERING  LABORATORY 

L.  H.  Schwartz,  Director 
H.  L.  Rook,  Deputy  Director 
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PROGRAM  OBJECTIVES 


MAJOR  STRUCTURAL  CERAMICS  ISSUES 
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Standards  and  Data 


NIST  STRUCTURAL  CERAMICS  FUNDING 
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Industrial  Materials 


Presentation  to  Interagency 
Coordinating  Committee  on  Structural  Ceramics 


Michael  Lukasiewicz 
Gas  Research  Institute 


May  13, 1992 
Arlington,  VA 


Industrial  Materials:  Objective 


Develop  cost-effective  materials  technology  that  enables 
industrial  gas  customers  to  improve  productivity,  product 
quality,  and  operating  costs  while  meeting  environmental 
regulations. 

•  Develop  durable,  reliable  components  and  materials  technologies  for 
existing  and  emerging  gas-fired  process  equipment. 

•  Reduce  costs  of  advanced  materials. 

•  Develop  new  materials  to  reduce  pollution  emissions  and 
components  to  increase  pollution  control  system  durability. 


Improve  scientific  and  engineering  understanding  of  advanced 
materials. 


FUNDING  HISTORY 


°°  88  89  90  91  92  93 

YEAR 


|  IACCS  Meeting 


Arlington,  VA 


May  13 


Industrial  Materials 


Fstrategj^ 


Near-Term 


Work  with  R&D  Teams,  including  Manufacturers,  to  Develop  and 
Field  Test  Advanced  Materials  and  Components  for  Natural 
Gas-Fired  Applications  that  are: 

•  Temperature  and  Corrosion  Resistant 

•  Environmentally  Acceptable 

•  Low  Initial  Cost 

•  Durable  and  Reliable 

Long-Term 

Establish  Technology  Base  Projects  to  Provide  New 
Concepts  for  Future  Developments.  Translate  Basic 
Research  into  Practical  Applications. 


Industrial  Materials:  Research  Emphasis 


Strategic  Element 

No.  of  Projects 

Budget  (%) 

Industrial  Proc—  M«t»ri«l»  and  Compon«nta 

6 

30 

MiittiflLDttifla 

i 

10 

Pollution  Control  Materials  and  Componanta 

3 

20 

Ttchnology  Bw 

1 

20 

Powar  Systems  Materials  and  Components 

1 

20 

100 

•  Nine  Projects  and  Approximately  85  %  of  Budget  Is  Dedicated  to  Structural  Ceramics 

|  IACCS  Meeting  Arlington,  VA  May  13, 1992 


j  Industrial  Process  Materials  and  Components 


TITLE 

CONTRACTOR 

DESCRIPTION 

STATUS 

Materials  for  Gas-fired 
Boosting  of  Glass 

Alfred  University/ 
INEX  and  Lanxide 

Identify  materials  solution 
for  gas-fired  boosting  of  glass. 

Materials  Screening  test 
completed.  Mo-MoSi2  deemed 
best. 

Materials  for  Immersed 
Tube  Aluminum  Melting 

Babcock  &  Wilcox/ 
BIRL 

Identify  materials  solution 
tor  immersed  htg.  of  aium. 

Project  initiated  4/92. 

Cofunded  with  project  area 
4.4.4.. 

Materials  for  High 
Pressure  Methane 
Reformer 

Stone  &  Webster/ 
CAM 

Support  DOE  effort  In  high 
temperature,  high  pressure 
methane  reform  process. 

Coupon  corrosion  tests 
initiated.  Tube  burst  rig 
constructed. 

Corrosion  Resistant 
Coatings  tor  Heat 
Exchanger  Tubes 

Solar  Turbines 

Develop  oxide  coating  system 
for  silicon  carbide  heat 
exchanger  tubes. 

Up  to  3000  hrs  tested  on 
mullite  coatings.  Third  2000  hr 
test  continuing. 

Arlington,  VA _ May  13, 1992 


IACCS  Meeting 


j  Industrial  Process  Materials  and  Components 


TITLE 

CONTRACTOR 

DESCRIPTION 

STATUS 

RBSC  U-Tubes  for 
Metals  Furnaces 

Coors 

Develop  RBSC  U-Tubes  for 
heat  treat  and  reheat  furnaces. 

Field  eval.  with  GM,  Caterpillar, 
&  Inland  Steel. 

SFSJC  U-tubes  for 
Metals  Furnaces 

1NEX 

Develop  INEX  U-tubes  for  heat 
treat  and  reheat  furnaces. 

U-bends  fabricated  in  cast  and 
fired  form.  Shipped  to  burner 
company  for  testing. 

New  1992  Starts 

TBD 

Furnace  Components  for  High 
Temperature 

Fu  maces  .Appl  ication 
Assessment  for  Ceramic 
Radiant  Tubes,  and  High 
Temperature  Fbers  for  IR 
Burners 

No  new  starts  planned 
because  of  funding  constraints. 

IACCS  Meeting _ Arlington,  VA _ May  13, 1992 


Material  Design 


TITLE 

CONTRACTOR 

DESCRIPTION 

■STATUS 

Carbon  Filament 
Reinforced  Composites 
Using  Natural  Gas 

Penn  State 
C.A.M./ Alcoa 

Use  Natural  Gas  to  form 
Carbon  Fbers  in  Pre-Shaped 
Molds.  These  preforms  are 
then  infiltrated  with  aluminum 
or  ceramic  to  create 
composite  components  for 
industrial,  power  generation, 
and  other  end  use  areas. 

Carbon  fibers  produced  in 
unique  catalytic  reactor  with 
natural  gas  feedstock. 

IACCS  Meeting  Arlington,  VA 


May  13, 1992  I 


Pollution  Control  Materials  and  Components 


TITLE 

CONTRACTOR 

DESCRIPTION 

STATUS 

Direct  Catalytic 
Reduction  of  NOx 

BatteHe 

Investigate  the  feasibility  of 
using  low  cost  metallic  fibers 
for  direct  conversion  of  NOx 
in  industrial  flue  streams 

Alloy  materials  Reduce  NOx 
by  90%,  however,  reduction 
capabilities  are  zero  in  the 
presence  of  02. 

Low  Cost  Reticulated 
Ceramics  for  industrial 
Burners 

Hi-Tech  Certamics 

Development  of  Oxide 
Bonded  Silicon  Carbide  for 
Applications  Requiring 
$120/sqft  max  cost 

Formulation  of  new  material 
completed.  Testing  by 
Eclipse  and  refinement  at 
Hi-Tech  ongoing. 

Reticulated  Ceramics 
for  Burners  and  also 
Catalyst  Supports 

Selee  Corp. 

Development  of  3 

Alternative  Foam  Ceramics 
for  Burner  and  Catalyst 
Supports 

Construction  of  combustion 
facility  underway. 

IACCS  Meeting _ Arlington,  VA _ May  13, 1992 


Center  for  Advanced  Penn  State 

Materials  University 


Establish  a  Center  for 
Advanced  Materials 
development  and 
characterization  for 
accelerating  application  of 
advanced  materials 
technology  to  natural 
gas  users. 


CAM  is  entering  its  6th  year 
as  GRI  support  decreases. 
Industry  and  government 
support  are  increasing. 
Technology  Transfer  focus 
group  meeting  conducted. 
New  manager  of  engineering 
services  is  facilitating 
advanced  materials 
assistance  to  industry. 


4.4.6  Budget  ($1000) 


Ceramic  Valve  Seats  for  Southwest  Apply  Ceramic  Valve  Seats 

Reciprocating  Engines  Research  Institute  to  Reduce  Valve  Train 

Wear  in  Power  Generating 
Engines.  This  wfl  yield 
lower  operating  costs  and 
tower  specific  capital  cost. 


Norton/TRW  selected  as 
prime  materials  supplier. 
Coora/Eaton  is  backup 
supplier.  Test  facility  design 
and  equfcment  procurement! 
underway.  NIST 
subcontract  negotiations 
Initiated. 


Budget  Year 


•  1993  Changes 

-  Redqce  First  Year  Funding  of  Ceramic  Furnace  Component  R&D 

•  Outyear  Revisions 

•  Reduce  Technology  Base  Projects  to  Minimum 

•  Fund  No  Advanced  Materials  R&D  Related  to  Prime  Movers 

-  Reduce  Ultra  High  Temperature  Radiant  Tube  R&D  Efforts 

•  Implications  to  Structural  Ceramics  R&D 

•  Percentage  of  Structural  Ceramics  Budget  Declines  to  60  %  of 
Industrial  Materials  Program  by  1996 

-Only  Two  Structural  Ceramics  Projects  Scheduled  in  1996  and  1997 

-  GRI  will  seek  to  participate  in  cofunded  projects  to  leverage  limited 
funds  in  this  area 


Tom  A. 


Office  of  Energy  Research 


DIVISION  OF  MATERIALS  SCIENCES 


MATERIALS  SCIENCES 
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TECHNOLOGY/INFORMATION  TRANSFER: 
o  INFORMATION  MEETINGS  o  PUBLICATIONS 

o  RESEARCH  ASSISTANCE  TASK  o  CO-SITING  OF  APPLIED  AND  BASIC 

FORCE  MEETINGS  RESEARCH 
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MATERIALS  SCIENCES  PROGRAM 


METALLURGY  AND  CERAMICS  ($59.5M): 
o  STRUCTURE  OF  MATERIALS 
°  MECHANICAL  PROPERTIES 

°  PHYSICAL  PROPERTIES 

o  RADIATION  EFFECTS 

O  ENGINEERING  MATERIALS 


SOLID  STATE  PHYSICS  ($50.6M) 
o  NEUTRON  SCATTERING 

°  EXPERIMENTAL  RESEARCH 

o  THEORETICAL  RESEARCH 

O  PARTICLE-SOLID  INTERACTIONS 

O  ENGINEERING  PHYSICS 


MATERIALS 


CHEMISTRY  ($19.6M): 

SYNTHESIS  AND  CHEMICAL  STRUCTURE 

POLYMER  AND  ENGINEERING  CHEMISTRY 

HIGH  TEMPERATURE  AND  SURFACE 
CHEMISTRY 


PRIMARY  PURPOSE  IS  SCIENTIFIC  RESEARCH. 
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Basic  Energy  Sciences  -  FY1992 


($  Million) 


Division  of  Materials  Sciences  -  FY  1992 
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(COORDINATED  BY  AMES) 
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ADVANCED  MATERIALS  AND  PROCESSING  PROGRAM 


Facilities  $100,442  $121,227  +  20.785 

ANS  $  23.600  $  21.000  -  2.600 

Total  $257,116  $290,227  +  33,111 


METALLURGY  AND  CERAMICS  THRUST  AREAS 

PaCKOaiAXACTERIZATKM 

•  WCDOSTWCTURE  AND  WCROCHEMICAL  ANALYSIS 

•  DEFECT  ANALYSIS  INCLUDING  POINT  DEFECTS,  DISLOCATIONS. 
CRAIN  DOUNDAAIES.  RADIATION  DAMAGE  ANALYSIS.  ETC. 

•  OPERATE  POUR  NATIONAL  USER  CENTERS  FOR 
NICROCftMtACTER IZATION  (AJtGONNE  NATIONAL  LABORATORY. 
DAK  RUSE  RATIONAL  LABORATORY.  LAURENCE  BERKELEY 
LABORATORY.  WIYERSITY  OF  ILLINOIS) 

NEdMICAL  BEHAVIOR 

•  RESPONSE  AND  BCNAVIOR  UNDER  APPUED  STRESS 

PHYSICAL  BEHAVIOR 

•  DIFFUSION  AND  TRANSPORT  PHENOMENA 

•  SURFACE  RENAVIQR,  CORROSION 

•  ELECTRONIC  BEHAVIOR 

•  MAGNETIC  BEHAVIOR 

•  SUPERCONDUCTING  BEHAVIOR 

•  SEMICONDUCTING  BEHAVIOR 

RADIATION  EFFECTS 

•  MECHANISMS  OF  IRRADIATION  DAMAGE 

•  MODELING  OF  IRRADIATION  INDUCED  DEGRADATION 

OTHER 

•  WELDING  AND  JOINING  SCIENCE 

•  NON -DESTRUCTIVE  FLAW  DETECTION  AND  ANALYSIS 

•  SYNTHESIS  AND  PROCESSING 
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DOE/BES  PROGRAMS  IN  STRUCTURAL  CERAMICS 
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TOTAL  $7,589  $8,410  $7,192 


FY  1992 
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DMS/BES  STRUCTURAL  CERAMICS  BUDGET 
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BES/DNS  STRUCTURAL  CERAMICS  PROGRAM 
SUMMARY  OF  RESEARCH  PROGRAMS  FY  1991 

SYNTHESIS  AND  PROCESSING 


NATIONAL  LABS 


AMES  LABORATORY 
Iowa  State  University 
Ames,  IA  50011 


IDAHO  NATIONAL  ENGINEERING 

LABORATORY 

Idaho  Falls,  ID  63415 


20.  SYNTHESIS  AND  CHARACTERIZATION  OF  NEW 
MATERIALS 

j.  Q.  Corbett.  R.  A.  Jacobson,  R.  E.  McCarley 
(515)294-3086  03-1  $550,000 

Synthesis,  structure  and  bonding  In  intermetallic 
systems-new  Zintl  phases,  new  ternary  compounds 
stabilized  by  interstitials.  The  effect  of  common 
imparities  on  stability.  Systematic  variation  of 
conduction,  magnetic,  and  corrosion  resistance 
properties.  Synthesis,  bonding,  structure  and 
properties  of  new  ternary  oxide  phases  containing 
heavy  transition  elements,  especially  metal-metal 
bonded  structures  stable  at  high  temperatures.  Low 
'omperature  routes  to  new  metal  oxide,  sulfide  and 
nitride  compounds.  Correlation  of  structure  and 
:  >ond  ng  with  d-electron  count  and  physical 
properties.  Development  of  diffraction  techniques 
tor  single  crystal  and  non-single  crystal  specimens, 
techniques  for  pulsed-neutron  and  synchrotron 
radiation  facilities,  and  use  of  Patterson 


63.  STRESS  DISTRIBUTION  IN  GRADED 

MICROSTRUCTURES 

B.  H.  Rabin 

(208)  526-0058  01-5  $235X100 

Develop  fundamental  understanding  of  the  effects 
of  mlcrostructure,  processing  conditions,  and 
specimen  geometry  on  the  residual  stresses  In 
graded  materials  Intended  to  mitigate  the  effects  of 
the  mismatch  In  properties  at  dissimilar  material 
interfaces.  Fabrication  of  two-phase  materials  v4th 
controlled  mlcr ©structural  gradients  and  varying 
geometries  by  electron  beam  coevaporation  and 
powder  metallurgy  techniques.  Focus  on  materials 
systems  In  which  significant  property  mismatch  exists 
betweefi  components,  e.g.,  tyOJM  and  Sl/Ag. 
Measurement  of  residual  stresses  by  high  spatial 
resolution  X-ray  diffraction  methods  using  synchrotron 
source.  Comparison  of  experimental  results  with 
predictions  from  elastic-plastic  finite  element 
modeling  of  stress  distributions. 


Number  in  parantheses  is  the  estimated  percentage  for  structural 
ceramics  research.  If  amount  is  not  indicated,  then  the  research 
is  assumed  to  be  concerned  totally  with  structural  ceramics. 


UNIVERSITY  OF  ILLINOIS  MRL 
104  S.  Goodwin  Avenuo 
Urbana,  1L  61801 


M.  PROCESSING  OF  MONODISPERSE  CERAMIC 
POWDERS 

C.  Zukoskl 

(217)333-7379  01-3  $277,386 

Low  temperature  processing  of  ceramics  Including 
predpitation  of  monodisperse  oxide  powders, 
rheology  of  monodisperse  powders  and  mixtures, 
and  studies  of  forces  In  colloidal  suspensions,  for 
the  purpose  of  forming  low  flaw  density,  high 
performance  ceramics. 


LAWRENCE  BERKELEY  LABORATORY 
1  Cyclotron  Road 
Berkeley,  CA  94720 


110.  CAM  CERAMIC  SCIENCE  PROGRAM 
Lutgard  C.  De  Jonghe 
(510)  486-6138  01-1  $1,302,000 

The  CAM  Ceramic  Processing  Science  Program  has 
three  linked  objectives:  the  development  of 
predictive,  quantitative  theories  of  denslflcatlon  and 
microstructure  development  In  heterogeneous 
powder  compacts,  the  application  of  these  theories 
to  produce  advanced  structural  ceramics  with 
improved  high  temperature  performance,  and  the 
evaluation  of  the  mechanical  properties  of  these 
ceramics,  ft  develops  model  experiments  that 
facilitate  investigation  of  fundamental  aspects  of 
microstructural  development  and  processing,  and 
their  application  of  model  ceramic  systems.  It 
develops  models  and  means  for  initial  powder 
compact  structural  control  Including  the  production 
and  use  of  coated  powders;  It  examines  the 
microstructural  evolution  and  control  during 
densification  In  relation  to  interface  properties;  It 
produces  particulate  ceramic  composites  based  on 
SiC,  and  It  tests  mechanical  properties  of  such 
ceramics  in  particular  high  temperature  creep  and 
fatigue. 


LOS  ALAMOS  NATIONAL  LABORATORY 

P.  O.  Box  1663 

Lot  Alamos,  NM  87545 


145.  SYNTHESIS  AND  PROCESSING  OF  SINGLE  CRYSTAL 
SAPPHIRE  FILAMENTS 
W.  R.  Blumenthal 
(505)667-0986  01-5  $235X100 

The  goal  of  this  project  is  two-fold  and  uses  a 
multiple  disciplinary  approach  to  study  single  crystal 
sapphire  filaments  for  potential  use  as  high 
temperature  creep  resistant  composite 
reinforcements.  One  objective  Is  to  empirically  relate 
growth  parameters  used  to  control  the  Edge-defined 

Film-growth  (EGF)  and  the  Laser-heated  Rooting 
Zone  processes  to  resulting  microstructures  and 
mechanical  properties.  A  more  challenging 
objective  Is  to  model  the  EFG  process  In  order  to  not 
only  optimize  growth  conditions  for  sapphire,  but  also 
for  other  candidate  reinforcement  oxides  (e  g., 

YAG).  Microstructural  and  mechanical  property 
characterization  meachanlsms  controlling  filament 
strength. 


OAK  RIDGE  NATIONAL  LABORATORY 

P.  O.  Box  2008 

Oak  Ridge,  TN  37831-6117 


176.  SYNTHESIS  AND  PROPERTIES  OF  NOVEL  MATERIALS 

L.  A.  Boatner,  M.  M.  Abraham,  C.  B.  Finch, 

H.  E.  Harmon,  J.  O.  Ramey,  B.  C.  Sales 

(615)  574-5492  02-2  $1,300,000 

Preparation  and  characterization  of  advanced 
materials  Including  the  growth  of  single  crystals  and 
the  development  of  new  crystal  growth  techniques; 
development  of  new  materials  through  the 
application  of  enriched  Isotopes;  Investigations  of  the 
physical,  chemical,  and  thermal  properties  of  novel 
materials  using  the  techniques  of  thermal  analysis. 
X-ray  diffraction.  Mossbouer  spectroscopy,  Ion 
Implantation  and  Ion  channeling,  optical  absorption, 
high  performance  liquid  chromatography,  EPR,  and 
X-ray  or  neutron  scattering;  application  of  materials 
science  techniques  to  the  resolution  of  basic 
research  problems;  preparation  and  characterization 
of  high-Tc  superconducting  oxides;  synthesis  and 
Investigation  of  phosphate  glasses;  development 
and  characterization  of  advanced  ceramics;  solid 
state  epitaxial  regrowth;  growth  of  perovsldte 
structure  oxides,  high  temperature  materials  (MgO, 
CaO,  Y2Oj).  refractory  meta!  single  crystals  (Ir,  Nb,  Ta. 
V),  fast-ion  conductors,  stainless  steels,  rapid 
solidification  and  microstructures. 


160.  THEORY  OF  CONDENSED  MATTER 

J.  F.  Cook©,  J.  H.  Barrett,  H.  L.  Dovis,  R.  Fishman, 

K.  Flensberg.  M.  S.  Jonon.  T.  Kaplan,  S.  H.  Uu. 

G.  D.  Mahan,  G.  D.  Mostoller,  O.  S.  Oen, 

S.  Pettersson,  M.  Rasolt,  M.  T.  Robinson, 

J.  C.  Wang,  R.  F.  Wood 

(615)574-5787  02-3  $949X»0 

Theory  of  nonequillbrium  solidification  In 
semiconductors,  lattice  vibrations  In  metals  and 
alloys,  lattice  dynamics  and  potential  energy 
calculations  of  ionic  crystals,  computer  simulation  of 
radiation  damage,  sputtering,  and  Ion  Implanation 
surface  studies  with  backscattered  Ions, 
development  of  LEED  theory  and  Interpretation  of 
LEED  data,  surface  vibrations  and  relaxation, 
electronic  structure  of  metal  surfaces,  magnetism  In 
transition  metals  and  local  moment  systems,  neutron 
scattering  at  high  energies,  electronic  properties  of 
mixed-valent  and  heavy  fermion  systems,  high 
temperature  superconductivity,  critical  phenomena 
and  phase  transitions  quantum  Hall  effect,  diffusion 
and  elastic  vibrations  of  fractal  systems,  and 
self-organized  critical  systems.  New  directions 
Include  a  study  of  the  surface  structure  of  disordered 
systems  and  the  development  of  molecular 
dynamics  theory  and  relevant  computer  programs 
for  treating  Interfaces  and.  ultimately,  crystal  growth. 


PACIFIC  NORTHWEST  LABORATORY 
P.  O.  Sox  999 
Richland,  WA  99352 


193.  MICROSTRUCTURAL  MODIFICATION  IN  CERAMIC 
PROCESSING  USING  INORGANIC  POLYMER 
DISPERSANTS 

G.  J.  Exarhos,  W.  D.  Samuels. 

I.  A.  Aksay  (U.  of  Wash) 

(509)  375-2440  01-1  $462 XXX) 

Fundamental  studies  of  particle  compaction 
phenomena  In  colloidal  processing  of  ceramics  using 
Inorganic  polymer  dispersants.  Localized 
partide-polymersofvent  interactions  probed  by 
means  of  In  situ  molecular  spectroscopic 
measurements.  Integration  of  spectroscopic  data 
with  particle  compaction  measurements  is  used  to 
evaluate  packing  efficiency  and  relate  It  to 
chemical  functionality  of  derlvatized  Inorganic 
polymer  dispersants.  Response  of  bound  polymers  in 
the  greenbody  to  high  temperatures  during  sintering 
also  Is  being  investigated.  Improvement  In 
mechanical  properties  of  the  fired  ceramic  Is 
correlated  with  void  density  and  distribution  which 
evolve  during  processing  and  with  the  generation  of 
Interfacial  phases  formed  by  Incorporation  of  the 
polymer  dispersant  with  the  ceramic  matrix. 


166.  CHEMISTRY  OF  ADVANCED  INORGANIC 

MATERIALS 

E.  J.  KeHy.  C.  E.  Bamberger,  J.  Brynestad, 

L.  May  a.  C.  E.  VaBet 

(615)574-5024  03-1  $1,083,000 

Application  of  Ion  implantation  and  Ion  beam  mixing 
to  the  generation  and  systematic  study  of 
surface-modified  materials  of  Interest  as  catalysts, 
e.g.,  MxTlj.jOj/Tl  (M  «  Ru,  Ir.  Rh,  etc.)  for 
electrocat  a!y$!$  of  and  02  evolution; 
determination  of  the  reaction  mechanism,  the 
specific  catalytic  activities,  and  the  electronic 
properties  of  the  catalysts  via  electrochemical, 
Rutherford  backscatterlng,  and  In  situ  photoacoustic 
and  photocurrent  spectroscopic  techniques. 
Development  of  new  generalized  methodologies  for 
the  synthesis  of  nonoxidic  ceramic  materials  (BN, 
SsN4,  SIC,  C-B-N  ternaries,  and  borides,  carbides, 
carbonltrldes,  and  nitrides  of  the  transition  metals  of 
groups  4, 5,  and  6)  In  powder,  fiber,  film,  or  whisker 
forms;  pyrolysis  or  photolysis  of  Inorganic  or 
organometalllc  precursors;  synthesis  of 
semiconducting  C-N-B  thin  films  via  pyrolysis  of 
borazlne  derivatives.  Synthesis  of  TIN  whiskers  via 
reactions  of  titanates  with  NaCN  or  NH3  at  high 
temperatures;  topochemically  specific  solid-state 
reactions.  Synthesis  and  characterization  of  hlgh-Tc 
superconducting  oxides;  composition/structure/ 
property  relationships  and  their  utilization  In 
optimization  of  synthesis/processing. 


199.  CERAMIC  COMPOSITE  SYNTHESIS  UTILIZING 
BIOLOGICAL  PROCESSES 
P.  C.  Rieke,  A.  1.  Caplan,  A.  I.  Caplan, 

B.  J.  Tarasevlch.  A.  H.  Heuer  (Case  Western) 

(509)  375-2833  03-1  $694,000 

Studies  of  natural  formation  of  hard  tissue  that  use 
polymers  os  templates  to  control  and  orient  ceramic 
crystal  growth.  Crystal  growth  on  modified  polymer 
surfaces  and  cell  control  of  crystal  growth.  Surface, 
Interface,  and  colloid  chemistry  of  small  atom  cluster. 
Modeling  of  polymer  surfaces  and  Interactions  with 
Ions  In  solution. 


UNIVERSITIES 


CLARK  ATLANTA  UNIVERSITY 

Atlanta.  GA  30314-4381 

256.  THE  SYNTHESIS.  CHARACTERIZATION  AND 
CHEMISTRY  OF  Sl-C-N-O-M  CERAMIC  AND 
COMPOSITE  POWDERS 
Y.  H.  Mariam.  Department  of  Chemistry 
(404)880-8593  01-3  $66,786  ■ 

Preparation  of  SJ-C-N-O-M/S-C-N-M  systems,  where 
M*TI  or  Zr.  from  sllazane/organosllylamlne  polymer 
pre cursors.  Molecular  and  chemical  structures, 
microstructures,  composition,  morphology  and 
microcrystallinity  of  powders  Investigated  by  SEM, 
TEM,  EXAFS,  EXELFS,  etc.  Detailed  nitridatlon  followed 
by  physical-  and  chemical-state  characterization. 
Computational  modeling  of  certain  reactions 
relevant  to  nitridation.  decomposition  and 
cross-linking  performed  using  semiemplrical 
molecular  orbital  methods  to  obtain  reaction 
enthalpies,  activation  enthalpies  and  entropies,  and 
potential  energy  surfaces.  Modeling  studies  coupled 
with  TGA/FTIR.  decomposition  kinetics,  evolved  gas 
analysis  to  Investigate  role  of  chemical  reactivity  and 
structure  in  formation  chemistry  of  ceramic  and 
composite  powders. 


INDUSTRY 


SBIR 


SOUTHWEST  RESEARCH  INSTITUTE 

$an  Antonio,  IX  76264 

403.  CHARACTERIZATION  OF  PORE  EVOLUTION  IN 
CERAMICS  DURING  CREEP  FAILURE  AND 
DENSIFICATION 

R.  A  Page.  Department  of  Materials  and 

Mechanics 

(512)522-3252 

K.  S.  Chan.  Department  of  Materials  and 
Mechanics 

(512)522-2053  01-2  S  124.235 

Characterization  of  pore  evolution  during  sintering 
and  cavitation  during  creep.  Objectives  of  the 
slpterlng  study  are  the  statistical  characterization  of 
pore  evolution  during  denslfication.  Identification  of 
primary  variables  affecting  pore  removal,  and 
development  and  evaluation  of  sintering  models. 
Objectives  of  the  creep  study  are  to  understand  the 
effects  of  microstructura!  parameters  and  loading 
mode,  including  uniaxial  tension,  on  the  kinetics  of 
various  creep  mechanisms,  such  as  grain  boundary 
sliding  and  cavity  growth.  Small  angle  neutron 
scattering  (SANS)  measurements  (supplemented  by 
TEM,  SEM.  precision  density,  and  AES 
characterization),  tensile-creep  measurements,  and 
grain  boundary  sliding  measurements  (using 
stereo-imaging  technique).  Cavity  size,  distribution, 
morphology,  and  nucleation  and  growth  rates 
determined  by  SANS  analysis.  Materials  investigated 
Included  alumina  and  silicon  carbide. 


r^sr0*08" coiipo1*™ 

Barton,  IL  60559 


....  ...n.  t.  rvnminito  V/r  PiANUr 

FOR  MECHANICAL  APPLICATIONS 
J.  C.  Parker 

(708)  963-0282  Phase  I S8IR  $50,000 


Demonstrate  net  shape  forming  of  various 
nanophase  ceramics;  characterization  of  resulting 
shapes  with  respect  to  hardness,  fracture  toughness 
porosity  and  mechanical  strength;  development  of 
database  on  mechanical  and  modeling  properties 
of  nanophose  ceramics.  Metal  oxide  powders 
prepared  by  gas  phase  condensation  process; 
consolidated  Into  simple  shapes  at  different 
temperatures  and  pressing  conditions;  property 
characterization.  ^  1 


SYNERGETIC  MATERIALS,  INC. 

P.  O.  Box  5574 
Auburn,  CA  95604 

448.  PLASTIC  BEHAVIOR  AND  PROPERTIES  OF  TITANIUM 
CARBIDE  AND  TITANIUM  CARBONITRIDE 
MONOLITHIC  AND  COMPOSITE  MATERIALS 

D.  C.  Halverson 

(916)  823-0238  Phase  I S8IR  $50,000 

Plastic  behavior  and  property-mlcrostructure 
relationships  In  titanium  carbide  (TIC)  and  titanium 
carbonltrlde  (TiCN)  materials.  Monllthlc  TIC  and  TICN 
ceramics  synthesized  using  self-propagating  high 
temperature  synthesis  (SHS);  TIC-metal  and 
TICN-metal  composites  synthesized  using  SHS  and 
liquid  metal  Infiltration  (LMI).  Microhardness, 
macrohardness,  fracture  toughness;  microstructure 
evaluation  using  metallography,  X-ray  diffraction 
and  electron  microprobe  analysis. 


MECHANICAL  PROPERTIES.  FRACTURE  AND  FATIGUE 


NATIONAL  LABS 


AMES  LABORATORY 
Iowa  State  University 
Ames,  LA  50011 

5.  MECHANICAL  BEHAVIOR  OF  MATERIALS 

W.  A.  Spltzlg.  B.  Biner,  J.  Kameda 

(515)  294-5082  01-2  $388,000  (  30/*  ) 

Studies  of  the  effects  of  environment  and  stress  on. 
the  mechanical  properties  of  metals.  Intermetallics. 
and  ceramic  composites.  Effects  of  hydrogen  on 
cracking  In  alloys  under  uniaxial  and  cyclic  loading 
conditions.  Interstitial  effects  on  strength  and  ductility 
In  both  nonhydrogenated  and  hydrogenated  V,  Nb. 
and  Ta.  Hlgh-temperature-lnduced  Intergranular 
cracking  In  Nl  base  alloys.  Effects  of 
radiation-induced  defects  and  solute  segregation  on 
Intergranular  embrittlement.  Modeling  of  hydrogen 
embrittlement.  Description  of  three  dimensional 
arrays  of  defects  and  relationship  of  arrangement  to 
ductility  and  mechanical  properties.  Correlation 
between  defect  structure  and  nondestructive 
measurement. 


UNIVERSITY  OF  ILLINOIS  MRL 
104  S.  Goodwin  Avenue 
Urbana,  IL  61801 


82.  HIGH  TEMPERATURE  MECHANICAL  BEHAVIOR  OF 
CERAMICS 
D.  F.  Socle 

(217)333-7630  01-2  $90,910 

Behavior  of  engineering  materials  subjected  top 
complex  loading  Involving  high  temperatures, 
muttlaxlal  state  of  stress,  and  time  dependent  state 
of  stress.  Macroscopic  damage  models  are  being 
developed  on  the  basis  of  microscopic  studes  of 
defects  accumulated  In  the  materials.  High 
temperature  mechanical  properties  of  ceramics 
under  uniaxial,  multiaxlal.  and  fatigue  conditions. 

63.  SUBCRITICAL  CRACK  GROWTH  IN  STRUCTURAL 
CERAMICS 
J.  F.  Stubbins 

(217)  333-6474  01-2  $80,884 

Mlaomechanlsms  of  failure  at  elevated 
temperatures  under  creep,  fatigue  and  aggressive 
environmental  conditions.  Role  of  oxide  films  on 
crack  Initiation  and  propagation.  Mlcrostructural 
examination  of  regions  In  front  of  cracks  and  of  the 
dislocation  structures  are  related  to  mlcromechanlcs 
of  failure.  Crack  propagation  kinetics  In  ceramics  at 
high  temperatures  and  In  aggressive  atmospheres. 
Subcrltical  crack  growth  In  ceramics. 


OAK  RIDGE  NATIONAL  LABORATORY 

P.  O.  Box  200S 

Oak  Ridge,  TN  37831*6117 


168.  TOUGHENING  AND  RELATED  PROCESSING 

MECHANISMS  IN  CERAMICS 
.  P.  F.  Bee  her,  Y  Alexander,  A.  Bleier, 

C-H.  Hsueh 

(615)574-5157  01-5  S986XOO 

Experimental  and  theoretical  approaches  are  being 
developed  to  provide  new  Insights  into  mechanisms 
which  Improve  the  toughness,  strength,  and  elevated 
temperature  mechanical  performance  of  ceramics 
with  companion  studies  In  ceramic  processing 
leading  to  controlled  denslflcatlon,  microstructures 
and  compositions.  In  such  toughened  systems.  The 
pertinent  micro-  and  macro-scoplc  characteristics 
are  cSrectfy  related  to  phenomena  that  are 
controlled  during  powder  synthesis,  powder 
processing,  and  densification.  Thus,  this  task 
Incorporates  Interdisciplinary  studies  of  the 
fundamental  descriptions  of  powder  synthesis  and 
processing  and  their  influence  on  densification 
mechanisms  and  microstructure  evolution  during 
denslflcatlon.  These  are  directly  coupled  with  studies 
of  the  role  of  microstructure,  composition,  and 
defects  In  the  mechanical  behavior  of  ceramics  and 
descriptions  of  toughening-strengthening  and  related 
mechanisms.  A  primary  consideration  of  these 
studies  is  proving  the  fundamental  insights  for 
design  and  fabrication  of  ceramics  and  ceramic 
composites  (e.g..  transformation  and  second  phase 
toughening  behaviors). 


UNIVERSITIES 


BROWN  UNIVERSITY 
Providence,  Rl  02912 

222.  FATIGUE  CRACK  GROWTH  UNDER  FAR-FIELD 
CYCLIC  COMPRESSION 
S.  Suresh,  Division  of  Engineering 
(401)863-2626  01-2  $93,405 

Experimental  and  theoretical  Investigation  of  stable 
crack  growth  under  static  and  cyclic  tensile  loads  In 
monolithic  and  ceramic  matrix  composites  up  to 
1500  C.  Effects  of  loading  rate/cycllc  frequency, 
hold  time,  cyclic  means  stress  and  test  temperature 
on  rates  of  subcrltlcal  crack  growth;  characterization 
of  crack  advance  by  fracture  mechanics; 
characterization  of  crack-tip  damage  by  transmission 
electron  microscopy;  effects  of  pre-existing 
amorphous  films  and  amorphous  films  Tormea  at  rest 
temperature.  Rnlte  element  simulations  of  evolution 
of  cyclic  damage  zones  ahead  of  tensile  fatigue 
cracks  using  constitutive  formulations  to  represent 
experimentally  determined  damage  mechanisms. 


UNIVERSITY  OF  CALIFORNIA  AT  SANTA 
BARBARA 

Santa  Barbara,  CA  93106 


235.  STRUCTURE  AND  CHEMISTRY  OF  METAL/CERAMIC 
INTERFACES 

A.  G.  Evans,  Materials  Department 
(805)961-8275  01-1  $52,746  (24  months) 

Different  metals  and  ceramics  Joined  under 
well-defined,  instrumented,  bonding  conditions. 
Reaction  layers  for  different  metal/ceramic 
combinations  Identified  and  quantified  by  analytical 
electron  microscopy.  Defect  structure  determined  by 
high  resolution  electron  microscopy.  Theoretical 
models  of  bonding  and  chemistry  of  Interfaces. 


CARNEGIE  MELLON  UNIVERSITY 
3325  Science  Hall 
Pittsburgh,  PA  15213 


249.  THEORETICAL  MODELS  FOR  THE  ULTIMATE 
STRENGTH  AND  FLAW  RESISTANCE  OF 
UNDIRECTIONALLY-REINFORCED  CERAMIC-MATRIX 
COMPOSITES 

P.  S.  Stelf,  Department  of  Mechanical  Engineering 
(412)268-3507  01-2  $98,500 

Theoretical  study  of  mlcrostructural  determinants  of 
strength  and  toughness  h  fiber-reinforced  ceramics. 
Macroscopic  properties  Include:  the  ultimate  tensile 
strength  parallel  to  the  fibers  and  the  resistance  to 
matrix  flaws  which  propagate  normal  to  the  fiber 
direction.  Understanding  of  the  extent  to  which 
these  macroscopic  properties  depend  on  aitlcal 
micro-level  properties.  Including,  the  character  of  the 
fiber-matrix  Interface,  as  well  as  the  fiber  and  matrix 
moduli,  strength  and  strength  variability.  Theoretical 
approach  to  incorporate  the  Influence  of  the 
Interface  via  micro-mechanics  models  of  the 
Interface,  that  reflect  either  the  presence  of 
chemical  bonding  or  the  possibility  of  Interfacial 
slippage. 


UNIVERSITY  OF  DENVER 

Denver,  CO  80208 

279.  RESIDUAL  STRESSES  IN  FIBER-REINFORCED 

CERAMIC  COMPOSITES  BY  DIFFRACTION  METHODS 
P.  K.  Predecki,  Department  of  Engineering 
(303)  871-3570  01-2  $59,160 

Residual  stresses  and  strains  In  ceramic  flber/ceramlc 
matrix  composites  by  X-ray  dffroctlon  to  obtain  near 
surface  stresses  and  by  neutron  attraction  to  obtain 
the  bulk  microstresses  In  each  crystalline  phase. 
Diffraction  measurements  as  function  of  temperature 
on  well-characterized  specimens  In  which  either  the 
thermal  expansion  of  the  matrix  or  the  fiber  surface 
treatment  has  been  varied.  Materials  Investigated 
Include  alumina  fibers  in  silicate  glasses  and  SIC 
whiskers  In  alumina.  Noyan-Cohen  analysis 
accounting  for  3-dimensional  nature  of  stresses  and 
Including,  where  possible,  separation  of 
macrostresses  and  microstress  components  In  each 
phase.  Results  correlated  with  mechanical 
properties  and  thermal  expansion  via  existing  models 
for  composite  behavior.  Objective  Is  to  provide  a 
test  for  such  models  and  to  see  if  the  techniques  are 
useful  for  predicting  strength,  toughness,  and  thermal 
expansion  of  these  materials. 


MICHIGAN  STATE  UNIVERSITY 

East  Lansing,  Ml  46624 


319.  THEORETICAL  STUDIES  OF  BREAKDOWN  IN 
RANDOM  MEDIA 

P.  M.  Duxbury,  Department  of  Phylcs 
and  Astronomy 

(517)  353-9179  01-3  $64,000  (5~'0%') 

Scaling  theories  and  numerical  algorithms  for 
predicting  structure/extreme  property  relationships  In 
random  media.  Use  of  concepts  In  statistical 
mechanics,  dsordered  systems  and  nonequilibrium 
growth  In  conjunction  with  fracture  mechanics 
damage  mechanics  and  dielectric  breakdown  to 
develop  unified  perspective  of  breakdown 
phenomena.  Development  of  generic  models  and 
general  methodology,  and  treatment  of  specific 
breakdown  problems. 


PENNSYLVANIA  STATE  UNIVERSITY 

University  Park,  PA  16602 

371.  THE  MECHANICAL  BEHAVIOR  OF  SURFACE 
MODIFIED  CERAMICS 
D.  J.  Green,  College  of  Earth  and 
Mineral  Sciences 
(814)863-2011  01-2  $80,000 

Modification  of  surface  layers  of  ceramics  to 
Introduce  surface  compression  and  Increase 
hardness  and  fracture  toughness  of  transformation 
toughened  ZrO,  and  AljO,.  Surface  Infiltration  when 
ceramic  Is  pressed  or  partially  sintered. 

Development  of  o  second  phase  surface  layer 
during  final  densiflcatlon.  Indentation  cracking  used 
to  study  crack  nudeatlon  and  growth  and  determine 
fracture  toughness.  Stress  and  composition  profiles 
determined  by  NSIS  X-ray  diffraction  data. 


STANFORD  UNIVERSITY 

Stanford,  CA  94305-6060 

407.  A  STUDY  OF  MECHANICAL  PROCESSING  DAMAGE 
IN  BRITTLE  MATERIALS 

B.  T.  Khurl-Yakub.  Department  of  Electrical 
Engineering 

(415)  723-0718  01-5  $60,000 

Study  of  mechanical  damage  and  surface  residual 
stresses  associated  with  mechanical  processing  of 
brittle  materials.  Study  of  how  defects  In  the  green 
slate  of  ceramic  components  evolve.  Also,  machine 
damage  on  curved  surfaces.  Development  of  a 
theory  for  calculating  the  behavior  of  surface  wave 
propagation  on  curved  surfaces.  Materials  Include 
silicon  nitride,  porous  silicon,  and  a  variety  of  ceramic 
materials. 


UNIVERSITY  OF  UTAH 

Salt  Lak#  City,  UT  84112 


417.  ALUMINA  REINFORCED  TETRAGONAL ZIRCONIA  INDUSTRY 

OZF)  COMPOSES 

D.  K.  Shetty,  Department  of  Materials  Science 

and  Engineering 

(801)  581-6449  01-2  $90712 


Transformation  toughening  and  reinforcement  In 
composites;  modeling  of  dependence  of  fiber-matrix 
Interfaclai  properties  on  thermal  expansion  mismatch 
and  processing  temperature  with  glass-matrix 
composlties;  relationship  between  matrix  cracking 
stress  and  Interfacial  properties.  Effect  of  secondary 
additives  on  transformation  toughening  of 
Ce-TZP-alumina  composites.  Effects  of  fiber  coatings 
on  interface!  bonding  and  mechanical  properties  of 
alumina  fiber-reinforced  Y-TZP  composites. 
Electrical-mechanical  analog  to  evaluate 
stress-intensity  factors  for  matrix  cracks  in  fiber 
reinforced  composites. 


ROCKWELL  INTERNATIONAL 

Thousand  Oaks,  CA  91360 

399.  MECHANISMS  OF  MECHANICAL  FATIGUE  IN 
CERAMICS 

B.  N.  Cox.  Science  Center 
(805)  373-4128 

D.  B.  Marshall,  Science  Center 
(805)  373-4170  01-2  $123,161 

Investigate  the  relationship  between  microstructure 
and  fatigue  behavior  In  tlber/whlsker  and  metal 
reinforced  ceramics.  Distinguish  crackbridging  and 
crack-tlp-shleldlng  mechanisms  by  very  perclse 
measurements  of  aack  opening  displacements  and 
displacements  fields  ahead  of  the  crack-tip  using  a 
computer-based  high  accuracy  strain  mapping 
system  (HASMAP).  Study  the  rate  of  change  of 
crack-brldglng  forces  and  the  nonlinear  constitutive 
behavior  that  causes  crack-shleldng.  Systematic 
studies  of  the  effects  of  variations  In  microstructure 
and  changes  In  Interface  characteristics  on  fatigue. 


ATOMIC  STRUCTURE  AND  MICROSTRUCTURE 


NATIONAL  LABS 


UNIVERSITIES 


LOS  ALAMOS  NATIONAL  LABORATORY 

P.  O.  Box  1663 

Los  Alamos,  NM  87545 


147.  INTERFACIAL  AND  RADIATION  EFFECTS  IN 
STRUCTURAL  AND  SUPERCONDUCTING  CERAMICS 
T.  E.  Mitchell,  A.  L.  Graham.  J.  J.  Petrovlc. 


K.  E.  Slckafus 

(505)  667-0938  01-5  $630,000 


(C>01) 


ARIZONA  STATE  UNIVERSITY 

Tempo,  AZ  85287 


216.  HIGH  RESOLUTION  ENERGY  LOSS  RESEARCH:  SI 
COMPOUND  CERAMICS  AND  COMPOSITES 

R.  W.  Carpenter.  Center  for  Sold  State  Science 
(602)  965-4546 

S.  H.  Un,  Department  of  Chemistry 

(602)965-3715  01-1  $108,600 


Interface  effects  In  structural  ceramic  composites. 
Synthesis  of  $I,N4.  SIC  and  Al,0,  ceramics  with  VLS  SIC 
whiskers.  Interface  modification.  Characterization  by 
high  resolution  and  analytical  electron  microscopy. 
Interface  adhesion  and  crack  propagation  In 
ceramic  composites.  Modeling  of  stress  distribution 
and  crack  propagation  by  finite  element  codes. 
Irradatlon-induced  structures  produced  In  high 
temperature  superconductors  by  electronic 
excitation.  Ion  bombardment  and  neutron  radiation. 
Characterization  by  HREM,  AEM,  stored  energy, 
electrical  and  magnetic  property  measurements. 

The  role  of  irradiation  in  strength,  fracture  and 
Interfacial  properties  of  structural  ceramics. 


OAK  RIDGE  NATIONAL  LABORATORY 

P.  O.  Box  2008 

Oak  Ridge,  TN  87831-6117 

164.  MICROSCOPY  AND  MICROANALYSIS 
J.  Bentley.  E.  A.  Kenlk,  M.  K.  Miller 
(615)574-5067  01-1  $812000  £20%} 

Development  and  application  of  analytical  electron 
microscopy  (AEM)  and  atom-probe  fleld-ion 
microscopy  (APFIM)  to  determine  the  mlcrostructure 
and  mlcrochemlstry  of  materials.  Equilibrium  and 
radiation-induced  segregation  at  grain-boundaries 
and  Interfaces  by  APFIM/AEM,  correlation  of  GB 
structure  and  segregation.  Radial  distribution 
function  determination  by  EXELFS  and  electron 
diffraction  Intensity  profiles.  APFIM/AEM  studies  of 
high-Tc  superconductors.  Lattice  site  location  in 
alloys  by  electron  channeling  miaoanalysis,  APFIM 
characterization  of  modulated  structures,  spinodals, 
early  stages  of  phase  transformations,  and  Inadiated 
pressure  vessel  steels.  GB  phases  and  segregation  In 
structural  ceramics,  ion-implanted  ceramics,  boron 
segregation  and  dislocations  In  NI^AI,  short  and 
long-range  order  In  Nl4Mo. 


High  spatial  resolution  analytical  electron  microscopy 
Investigation  with  a  field  emission  source  of  the 
elemental  composition  and  local  electronic  structure 
of  ffna n  amorphous  and  crystalline  regions  In  silicon 
carbide  and  silicon  nitride  and  In  Interfacial  reaction 
zones  of  metal/ceramlc  and  ceramlc/ceramlc 
composites.  Development  of  theoretical  methods  for 
EELS  spectral  analysis.  Quantitative  analysis  of 
small-probe  current  distribution  In  real  and  reciprocal 
space  for  field  emission  gun  analytical  electron 
microscopes  to  permit  quantitative  analysis  of 
compositional  gradients. 


UNIVERSITY  OF  CALIFORNIA  AT  SANTA 
BARBARA 

Santa  Barbara,  CA  93106 


234.  FUNDAMENTAL  STUDIES  OF  THE 

INTERRELATIONSHIP  BETWEEN  GRAIN-BOUNDARY 
PROPERTIES  AND  THE  MACROSCOPIC  PROPERTIES 
OF  POLYCRYSTALLINE  MATERIALS 
D.  R.  Clarke,  Materials  Department 
(805)893-8232  01-1  $100X00  C^Z) 


Relationships  between  properties  of  Individual  grain- 
boundaries  and  macroscopic  properties  of 
polyphase,  polycrystalline  materials.  Measurement  of 
electrical  properties  and  plastic  deformation  of 
grain-boundaries  In  Wcrystals  as  a  function  of 
bicrystallogr.aphy  determined  by  electron  channeling 
and  high  resolution  transmission  electron  microscopy. 
Comparison  of  results  from  polycrystalline  thin  films 
and  composed  to  simulations. 


UNIVERSITY  OF  MINNESOTA 

Minneapolis,  MN  $545$ 


254.  CRYSTALLINE-AMORPHOUS  OXIDE  INTERFACES 
AND  RELATION  TO  GRAIN-BOUNDARY  FILMS 
C.  B.  Carter,  Department  of  Materials  Science 
and  Engineering  f* 

(607)255-4797  01-1  S  137.751 


Study  of  structure  and  chemistry  of  the  Interface 
between  an  amorphous  material  and  crystalline 
form.  Surfoce  reaction  on  o  blcrystal  sample 
examined  by  cross-sectional  transmission  electron 
microscopy  and  reaction  of  a  glass-forming  vapor 
with  a  pre-thlnned  TEM  sample.  Materials  studied  are 
alumina,  magnesia  and  slUcon. 


Fo e rly  ojF  Cornell  L/fnivfr5\Jy. 


CORNELL  UNIVERSITY 
Ithaca,  NY  14S53 


259.  CERAMIC  FILMS  AND  INTERFACES:  CHEMICAL 
AND  MECHANICAL  PROPERTIES 
Rlshl  Raj.  Department  of  Materials  Science 
and  Engineering 
(607)255-4040  01-2  $176,630 

Structure  and  composition  of  Interfaces  between 
dfeslmlor  ceramics  and  correlation  between 
structure,  chemistry  and  mechanical  properties. 
Investigation  will  use  alumlna/ilrconla  Interfaces  In 
layered  thin  films  under  controlled  oxygen  partial 
pressures.  Special  emphasis  on  the  formation  of 
Intergranular  phases.  Structure  characterized  by  high 
resolution  TEM.  chemistry  by  sconnlng  TEM.  and 
mechanical  properties  by  Internal  friction,  fracture, 
and  plasticity. 


UNIVERSITY  OF  MICHIGAN 
Ann  Arbor,  Ml  48109-2136 

321.  FUNDAMENTAL  ALLOY  DESIGN  OF  OXIDE 
CERAMICS  AND  THEIR  COMPOSITES 
I.  -W.  Chen.  Department  of  Materials  Science 
and  Engineering 
(313)  763-6661  01-2  $95,642 


- - to  oxiae  ceramics  for 

f!!!f  Ur,ai,and  ener°y  applications.  Allovalent  Ions  In 
solid  solutions  investigated  for  space  charge 

segregation  and  effects  on  grain  growth,  dislocation 
creep  and  Intergranular  cavitation.  Precipitation  of 
spinel-based  layers  compounds  studied  for 
toughened  and  strengthened  composites.  Ceramic 
matrix  composites  with  Interpenetrating  ductile 
phase  prepared  by  Infiltration  of  porous  ceramic 
preforms  with  liquid  under  pressure.  Structure 
property  relationships  established  through  variation  of 
microchemical,  mlcrostructural.  crystallographic,  and 
other  material  parameters. 


UNIVERSITY  OF  UTAH 
Salt  Lake  City,  UT  84112 

416.  FABRICATION.  PHASE  TRANSFORMATION  STUDIES. 
AND  CHARACTERIZATION  OF  S(C-ALN-AL,OC 
A.  V.  Vlrkar.  Department  of  Materials  Science 
and  Engineering 
(801)581-5396  01-1  $80,683 

Analysis  of  phase  equilibria  and  phase 
transformations  and  the  relationship  between  creep 
behavior  and  microstructure  in  the  SC-AIN-AljOC 
system.  Dlffuslonai  phase  transformations  leading  to 
phase  separation.  Modulated  microstructures 
developed  by  splnodal  decomposition.  Cellular 
precipitation.  Dependence  of  creep  behavior  on 
composition  and  microstructure. 


LEHIGH  UNIVERSITY 
Bethlehem,  PA  16015 


302.  HIGH  RESOLUTION  MICROSTRUCTURAL  AND 
MICROCHEMICAL  ANALYSIS  OF  2IRCONIA 
EUTECTIC  INTERFACES 

M.  R.  Notis,  Department  of  Metallurgy  and 

Materials  Sciences 

(215)  758-4225  01-1  $116,535 

Eutectic  interfaces  studied  In  as-grown  MnO-Zr02, 
NiO-ZrOjCY2^  CoO-ZR02(CaO),  and  NiO-Y203  systems. 
High  resolution  mlcrostructural  and  microanaiytical 
methods  (HRTEM,  CBED  and  PEEL$),used  to  study 
interfaces  in  plan-view  and  conventional 
configurations.  Local  oxidation  state  across  grain- 
boundaries  in  single  phase  MnO  and  MnO-ZrOa 
studied  as  function  of  oxygen  partial  pressure. 
Segregation  effects  due  to  ternary  additions 
measured  at  Interphase  Interfaces  and  at  local 
defects  and  faults  within  interfaces. 


CHEMICAL  REACTIONS  AND  MASS  TRANSPORT 


NATIONAL  LABS  UNIVERSITIES 


UNIVERSITY  OF  ILLINOIS  MRL 

104  S.  Goodwin  Avenue 
Urbana.  II  61601 

77.  MICROSTRUCTURE  EVOLUTION,  INTERFACES  AND 
PROPERTIES  IN  STRUCTURAL  CERAMIC  COMPOSITES 
A.  Zangvli 

(217)  333-6829  01-1  $171,319 

Microstructure  and  mlcrochemlstry  of  9C  with 
covalent  additives,  such  as  AIN,  BN  and  BeO;  solid 
solution  formation  In  SC  based  systems;  effect  of 
processing  variables  and  additives  on  polytypism 
and  mlcrochemlstry.  Interfaces  and  toughening 
mechanisms  In  SC-  and  mullite-matrlx  composites. 
Application  of  microanalytic  methods  to  analysis  of 
the  structure  and  microchemistry  of  ceramic  high-Te 
superconductors. 


OREGON  STATE  UNIVERSITY 

Corvallis,  OR  97331 

367.  HYPERFINE  EXPERIMENTAL  INVESTIGATION  OF 
ZIRCONIA  CERAMICS 
J.  A.  Gardner,  Department  of  Physics 
(503)737-3278  01-1  $110/497 

Perturbed  angular  correlation  (PAC)  spectroscopy  of 
nuclear  gamma  rays  to  Investigate  Zr-contalnlng 
ceramics.  PAC  characterization  of  free  energies, 
transformation  mechanisms,  equilibrium  phase 
boundaries,  dffuslon  and  relaxation  models,  short 
range  order,  order-disorder  reactions,  and 
elevated-temperature/tlme  dependent  effects  in 
various  zlrconla-based  ceramics  that  contain  either 
Hf-181  or  In-111  as  a  probe.  Investigation  of  Zr-91  In 
zlrconla  by  nuclear  quadrupole  resonance  (NQR) 
and  of  0-17  substituted  zlrconla  by  nuclear  magnetic 
resonance  (NMR).  NQR/NMR  experiments  to 
complement  and  expand  the  studies  of  local 
structure  and  oxygen  vacancy  dynamics  underway 
with  PAC. 


NATIONAL  LABS 


ARGONNE  NATIONAL  LABORATORY 

9700  South  Cass  Avenue 
Argonne,  II  60439 


36.  MODEUNG  AND  THEORY  OF  INTERFACES 

D.  Wolf.  S.  Phlllpot,  S.  Yip 

(708)252-6205  02-3  $265,000  C30%) 

Computer  simulation  of  the  physical  properties  of 
solid  Interfaces,  such  as  oraln  and  Interphase 
boundaries,  thin  fflms  and  supertattlces.  Involving 
both  atomistic  simulation  methods  (lattice  statics  and 
dynamics,  molecular  dynamics.  Monte  Carlo).  The 
atomistic  simulations  are  used  to  determine,  for 
example,  the  structure,  free  energy  and  elastic 
properties  of  solid  Interfaces  as  a  (Unction  of 
temperature,  the  point-defect  properties  of 
Interfaces,  such  as  impurity  segregation  and  diffusion, 
and  the  properties  of  voids  In  grain  boundaries  and 
In  the  bulk.  Materials  considered  Involve  metals, 
semiconductors  and  ceramics  as  wen  as  interfaces 
between  them. 


UNIVERSITY  OF  MISSOURI  AT  KANSAS  CITY 
Kansas  City,  MO  641 10-2499 

334.  THEORETICAL  STUDIES  ON  THE  ELECTRONIC 
STRUCTURE  AND  PROPERTIES  OF  CERAMIC 
CRYSTALS  AND  CLASSES 

W.  -Y.  Chlng.  Department  of  Physics  , 

(816)235-2503  01-1  $105672  C30% 

Calculation  by  means  of  orthogonallzed  linear 
combination  of  atomic  obltals  (OLCAO)  of  electronic 
structure  and  linear  optical  properties  for  a  larger 
number  of  oxide,  nitride,  phosphate,  silicate.  Ill-V 
semiconductors,  metallic  glass  and  Ngh-Tc 
superconducting  materials.  Local  density  functional 
calculation  of  Important  bulk  properties,  phonon 
frequencies  and  structural  phase  transitions  for 
selected  materials.  Formulation  of  calculatlonal 
method  for  nonlinear  optical  properties.  Calculation 
of  magnetic  properties  of  rare  eorth-lron-boron 
magnetic  alloys  and  related  Intermetallic 
compounds. 


OREGON  STATE  UNIVERSITY 
Corvallis,  OR  97331 


362.  THEORETICAL  STUDIES  OF  ZIRC0NIA  AND  RELATED 
MATERIALS 

H.  J.  F.  Jansen,  Department  of  Physics 
(503)  754-4631  01-3  $58,300 

Total  energy  calculations  of  the  electronic 
structure  of  zlrconla  and  related  materials  used 
to  obtain  the  electronic  energy  and  the  charge 
density  as  a  function  of  atomic  arrangement. 

Study  of  field-gradients,  lattice  relaxation, 
phonon  spectrum,  oxygen  mobility  and  transport. 

Both  Full  Potential  Linearized  Augmented  Plane 
Wave  (FLAPW)  and  Monte  Carlo  techniques  used. 


IRRADIATION  EFFECTS 


NATIONAL  LABS 


LOS  ALAMOS  NATIONAL  LABORATORY 

P.  O.  Box  1669 

Los  Alamos,  NM  87545 

145.  NEUTRON  IRRADIATION  INDUCED  METASTABLE 
STRUCTURES 

K.  E.  SlckafUs.  Jr.  Cllnord.  F.  W„  M.  Nastasl 
(505)665-3457  01-4  $269,000 

krodation  phenomena  and  damage  mlcfostructures 
resulting  from  neutron  Irradiation  of  ceramics  and 
Intermetalllc  compounds.  Investigation  of  cascae 
damage  events  In  model  materials,  complemented 
by  physical  property  measurements  and  Ion 
Irradiation  tests,  where  the  latter  can  elucidate 
neutron  damage  effects.  Computer  simulation  is 
used  to  assist  In  understanding  the  nature  of 
damage  events. 


OAK  RIDGE  NATIONAL  LABORATORY 

P.  O.  Box  2006 

Oak  Ridge,  TN  37631-6117 


170.  STRUCTURE  AND  PROPERTIES  OF  SURFACES  AND 
INTERFACES 

L.  L.  Horton,  C.  J.  McHargue 
(615)574-5081  01-5  $695,000 

Structure  of  Ion-Implanted  A!203,  SC,  and  TiBj  by 
backscattering-channeiing  and  TEM,  hardening, 
surface  fracture  toughening  and  wear  of 
Ion-Implanted  ceramics,  structure  and  properties 
studied  as  a  function  of  implantation  parameters 
(temperature,  fluence,  energy,  Ion  species)  and 
annealing  (temperature  and  environment). 
Mechanical  behavior  of  thin  films  and  Interfaces, 
stress  relaxation  and  dissipation.  Adherence  of  oxide 
and  metal  films.  Ion  beam  mixing  and  amorphization 
of  multilayer  metallic  alloys  and  ceramics. 


PACIFIC  NORTHWEST  LABORATORY 
P.  O.  Box  999 
Richland,  WA  99352 


197.  IRRADIATION  EFFECTS  IN  CERAMICS 
W.  J.  Weber.  N.  J.  Hess 
(509)375-2299  014  $50,000 

Multidisciplinary  research  on  the  production,  nature, 
and  accumulation  of  Irradiation-Induced  defects, 
microsfurctures,  and  solid-state  transformations  In 
ceramics.  Irradiations  with  neutrons,  Ions,  and 
electrons  to  study  point  defect  production  and 
associate  effects  from  both  single  displacement 
events  and  high-energy  displacement  cascades. 
Develop  understandng  of  structural  stability  and 
Irradiation-Induced  amorphization  in  ceramics. 
Computer  simulations  of  defect  production/ 
survivabilty,  defect  stability,  and  defect  migration. 

The  Investigations  utilize  X-ray  and  neutron  diffraction, 
electron  microscopy.  EXAFS.  laser  spectroscopies.  Ion 
beam  techniques,  and  electrical  property 
measurements  to  characterize  the  defects, 
microstructures,  and  transformations  Introduced  by 
Irradiation  In  simple  and  complex  oxides,  carbides, 
and  nitrides.  Work  Includes  the  development  of 
techniques  for  In  situ  characterization  during  neutron 
and  Ion  beam  Irradiations. 


UNIVERSITIES 


UNIVERSITY  OF  CALIFORNIA  AT  DAVIS 

Davis,  CA  95616 


22VrflVESTIGAT,ON  0F  Radiation  DAMAGE  AND 

mSws5)SS0N  OF  CERAM,cs  usin®  electron 

D.  G.  Howttt.  Department  of  Mechanical 
Engineering 

(916)752-0580  01-4  $95,000  C 

°! 6lectron  and  Ion  Irradiation  Induced 
^  placement  damage,  diffusion,  and 

by  means  of  ln  *Hu  analytical 
©ectron  microscopy  and  mass  spectroscopy  Studv 
of  lonmbang  effects  under  Ion  Irradiation  Material 

ft2JsCtnnrte  OC,riCS  Qnd  ^'conductors.  Study  of 
free  standing  ceramics  thin  films.  ' 


Ceramic  Technology  Program 
Office  of  Transportation  Materials 
U.S.  Department  of  Enerav 
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on  Structural  Ceramics  Meeting 
May  13, 1992,  Arlington,  VA 


Ceramic  Technology  Project 


TRANSPORTATION  TECHNOLOGIES 
FY  1993  BUDGET  REQUEST 


o 

CO 


o 

Cl) 

h- 

o 

E 

2 

CD 

o 


A  large  share  for  Structural  Ceramics 


CERAMIC  TECHNOLOGY  PROGRAM 
FY  1 993  Changing  Budget 


AMPP  Ceramic  Manufacturing 
Cost-Effective  Ceramics  for  Heat  Engines 


CERAMIC  TECHNOLOGY  PROGRAM 
FY  1 993  Budget  Request 
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Cost-Effective  Machining  of  Ceramics 

Joint  DOE  CE/DP  Program 
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Cost-Effective  Machining  of  Ceramics 

Status  Report 
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Ceramic  Manufacturing  Project 

FY  1993  AMPP  Initiative 
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President’s  Adv.  Materials  &  Processing  Program 


High-Temperature  Tensile  Testing 
Self-Aligning  Super  Grips 


Improvements  in  Ceramic  Processing 
and  Flaw  Tolerance 


Aouenbejj  uojieAj0sqo 


Goal  is  900  MPa  Mean  Tensile  Strength  and 
Weibull  Modulus  of  m=20  in  200  Tensile  Specimens 


Silicon  Nitride  Fatigue  Life 

1370°C  (2500°F)  Temperature 


sjnoH  -  a*n  9n6jjBj 


1980  1982  198 


DOE  -  Transportation  Materials 
Ceramic  Technology  &  Tribology 
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CURRENT  PROJECTS  AND  FUNDING  FOR  THE 
CERAMIC  TECHNOLOGY  PROJECT,  U.S.  DOE 
OFFICE  OF  TRANSPORTATION  TECHNOLOGIES, 

R.  B.  SCHULZ,  PROGRAM  MANAGER 

MATERIALS  AND  PROCESSING 
High  Temperature  SX  Silicon  Carbide  fWBS  No.  Ills’) 

i 

PERFORMING  ORGANIZATION:  Carborundum  Company 

Carborundum  Contact  -  Roger  S.  Storm,  716-278-2544 

ORNL  Contact  -  E.  L.  Long,  Jr.,  615-574-5172 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  CEST) 

287  0 

Attrition  Milling  of  Silicon  Nitride  Powder  fWBS  No.  11181 

PERFORMING  ORGANIZATION:  National  Institute  of  Standards  and  Technology  (NIST) 

National  Institute  of  Standards  and  Technology  (NIST)  Contact  -  S.  Malghan,  301-975-6101 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST1 

110  110 

Microwave  Sintering  (WBS  No.  11241 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  T.  N.  Tiegs,  615-574-5173 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  £EST) 

400  400 

Cost  Effective  Silicon  Nitride  Powder  RFP  CWBS  No.  1125*1 

PERFORMING  ORGANIZATION:  TBD 

ORNL  Contact:  S.  G.  Winslow,  615-574-0965 

FUNDING  ($K)  PROFILE:  FY  1992 

500 


FY  1993  fESTl 
1000 


Novel  Si3N1  Process  fWBS  No.  11261 

PERFORMING  ORGANIZATION:  Sullivan  Mining  Corporation 

Sullivan  Contact  -  T.  M.,  Sullivan,  619-692-1180 

ORNL  Contact  -  E.  L.  Long,  Jr.,  615-574-5172 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST) 

144  500 

Cost  Effective  Sintering  of  Silicon  Nitride  Ceramics  (WBS  No.  1127) 

PERFORMING  ORGANIZATION:  Southern  Illinois  University 

Southern  Illinois  University  Contact:  D.  E.  Wittmer,  618-453-7006/7924 

ORNL  Contact:  T.  N.  Tiegs,  615-574-5173 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST) 

74  74 

Cost  Effective  Manufacture  of  SRBSN  Components  (WBS  No.  1128) 

PERFORMING  ORGANIZATION:  Coors  Ceramics  Company 

Coors  Contact:  Jack  D.  Sibold,  303-277-4441 

ORNL  Contact:  R.  L.  Beatty,  615-574-4536 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST! 

250  0 

Advanced  Processing  (WBS  No.  11411 

PERFORMING  ORGANIZATION:  Norton  Company 

Norton  Contact  -  D.  M.  Tracey,  508-393-5811 

ORNL  Contact  -  R.  L.  Beatty,  615-574-4536 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST) 

1575  200 


Processing  of  Monolithics  fWBS  No.  1142~) 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact:  S.  D.  Nunn,  615-574-9978 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  CESTt 

650  650 

Advanced  Composites  fWBS  No.  1225) 

PERFORMING  ORGANIZATION:  University  of  Michigan 

University  of  Michigan  Contact:  T.  Y.  Tien,  313-764-9449 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

260  281 

In-situ  Toughened  Si3N1  fWBS  No.  12261 

PERFORMING  ORGANIZATION:  Garrett  Ceramic  Components  Division 

Garrett  Contact  -  H.  C.  Yeh,  213-618-7449 

ORNL  Contact  -  T.  N.  Tiegs,  615-574-5173 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTI 

500  500 

Dispersion  Toughened  Oxide  Composites  fWBS  No.  12311 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  T.  N.  Tiegs,  615-574-5173 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST> 

350  350 


Low  Expansion  Ceramics  (WBS  No.  1242) 

PERFORMING  ORGANIZATION:  Virginia  Polytechnic  Institute  and  State  University 

VPI  &  SU  Contact  -  J.  J.  Brown,  703-961-6640 

ORNL  Contact  -  V.  J.  Tennery,  615-574-5123 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  TEST! 

162  0 

Low  Expansion  Ceramics  (WBS  No.  1244) 

PERFORMING  ORGANIZATION:  TBD 

ORNL  Contact:  D.  P.  Stinton,  615-574-4556 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

500  500 

Advanced  Coating  Technology  TWBS  No.  13111 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  D.  P.  Stinton,  615-574-4556 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST1 

175  175 

Coatings  to  Reduce  Contact  Stress  Damage  of  Ceramics  fWBS  No.  13131 

PERFORMING  ORGANIZATION:  Boston  University 

Boston  University  Contact:  V.  K.  Sarin,  617-353-2842 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (ES'D 

50  50 


Wear  Resistant  Coatings  CWBS  No.  1331') 

PERFORMING  ORGANIZATION:  Caterpillar 

Caterpillar  Contact  -  M.  H.  Haselkom,  209-578-6624 

ORNL  Contact  -  D.  P.  Stinton,  615-574-4556 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  lES'D 

249  0 

Wear  Resistant  Coatings  fWBS  No.  13321 

PERFORMING  ORGANIZATION:  Cummins  Engine  Company,  Inc. 

Cummins  Contact  -  Malcolm  Naylor,  812-377-5000 

ORNL  Contact  -  D.  P.  Stinton,  615-574-4556 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  lES’D 

0  400 

Thick  Thermal  Barrier  Coating  Systems  for  Low  Heat  Rejection  Diesel  Engines  IWBS  No.  13421 

PERFORMING  ORGANIZATION:  Caterpillar  Inc. 

Caterpillar  Contact  -  M.  B.  Beardsley,  309-578-8514 

ORNL  Contact:  D.  P.  Stinton,  615-574-4556 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST> 

139  175 

Active  Metal  Brazing  PSZ-  Iron  fWBS  No.  MID 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  M.  L.  Santella,  615-574-4805 

FUNDING  ($K)  PROFILE:  FY  1992 

220 


FY  1993  IEST1 
220 


Ceramic-Ceramic  Joints  AGT  fWBS  No.  14211 


PERFORMING  ORGANIZATION:  Norton  Company 

Norton  Contact  -  N.  D.  Corbin,  508-393-5660 

ORNL  Contact  -  M.  L.  Santella,  615-574-4805 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  ('EST'I 

234  0 

Cost  Effective  Ceramic  Machining  CWBS  No.  15001 

PERFORMING  ORGANIZATION:  TBD 

ORNL  Contact  -  P.  J.  Blau,  615-574-5377 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTI 

700  1700 

Chemically  Assisted  Machining  of  Ceramics 

PERFORMING  ORGANIZATION:  National  Institute  of  Science  and  Technology  (NIST) 

NIST  Contact  -  Steven  M.  Hsu,  301-975-6119 

ORNL  Contact  -  P.  J.  Blau,  615-574-5377 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

150  150 

Grinding  Optimization  for  Advanced  Ceramics 

PERFORMING  ORGANIZATION:  National  Institute  of  Science  and  Technology  (NIST) 

NIST  Contact  -  Said  Jahanmir,  301-975-6871 

ORNL  Contact  -  P.  J.  Blau,  615-574-5377 

FUNDING  ($K)  PROFILE:  FY  1992 

150 


FY  1993  fESTI 
150 


Cost  Effective  Ceramic  Manufacturing  CWBS  No.  1502) 

PERFORMING  ORGANIZATION:  TBD 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

200  3000 


MATERIALS  DESIGN  METHODOLOGY 


Coating  Adherence  on  Ceramic  Substrates  fWBS  No.  2212} 

PERFORMING  ORGANIZATION:  University  of  Tennessee 

University  of  Tennessee  Contact  -  Debra  L.  Joslin,  615-574-4343 

ORNL  Contact  -  L.  L.  Horton,  615-574-5801 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  (EST) 

30  0 

Advanced  Statistics  Calculations  fWBS  No.  23131 

PERFORMING  ORGANIZATION:  General  Electric  Research  and  Development  Center 

GE  Contact  -  C.  A  Johnson,  518-387-6421 

ORNL  Contact  -  M.  K.  Ferber,  615-576-0818 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fES'D 

100  100 


DATA  BASE/LIFE  PREDICTION 


Microstructural  Analysis  fWBS  No.  31111 

PERFORMING  ORGANIZATION:  National  Institute  of  Standards  and  Technology  (NIST) 

NIST  Contact  -  S.  M.  Wiederhom,  301-975-2000 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTi 

50  50 


Mechanical  Properties  and  Microstructural  Characterization  of  Si3N1  Ceramics  fWBS  No.  31141 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  T.  A  Nolan,  615-574-0811 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTi 

200  200 


Project  Data  Base  fWBS  No.  31171 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  B.  L.  Keyes,  615-574-5113 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTt 

240  240 


Fracture  Behavior  of  Toughened  Ceramics  fWBS  No.  32131 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  P.  F.  Becher,  615-574-5157 

FUNDING  ($K)  PROFILE:  FY  1992 

290 


FY  1993  (EST) 
290 


Cyclic  Fatigue  of  Toughened  Ceramics  fWBS  No.  3214) 
PERFORMING  ORGANIZATION:  ORNL 


ORNL  Contact  -  K.  C.  Liu,  615-574-5116 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  CESTI 

220  220 


Tensile  Stress  Rupture  Development  CWBS  No.  32151 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  K.  C.  Liu,  615-574-5116 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  TEST! 

300  300 


Rotor  Materials  Data  Base  (WBS  No.  32161 


PERFORMING  ORGANIZATION:  ORNL 


ORNL  Contact  -  M.  K.  Ferber,  615-576-0818 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  TEST) 

200  200 


Toughened  Ceramics  Life  Prediction  CWBS  No.  32171 

PERFORMING  ORGANIZATION:  NASA-Lewis  Research  Center 

NASA  Contact  -  Stanley  R.  Levine,  216-433-3276 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  TEST! 

200  200 


Life  Prediction  Methodology  fWBS  No.  3222} 

PERFORMING  ORGANIZATION:  Allison  Gas  Turbine  Division 

Allison  Contact  -  P.  K.  Khandelwal,  317-230-3805 

ORNL  Contact  -  C.  R.  Brinkman,  615-574-5106 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

0  0 

Life  Prediction  Methodology  fWBS  No.  32231 

PERFORMING  ORGANIZATION:  Garrett  Auxiliary  Power  Division 

Garrett  Contact  -  Carolyn  McCormick,  602-220-3016 

ORNL  Contact  -  C.  R.  Brinkman,  615-574-5106 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

501  600 

Environmental  Effects  in  Toughened  Ceramics  fWBS  No.  33141 

PERFORMING  ORGANIZATION:  University  of  Dayton 

University  of  Dayton  Contact  -  N.  L.  Hecht,  513-229-4341 

ORNL  Contact  -  V.  J.  Tennery,  615-574-5123 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

400  400 

High  Temperature  Tensile  Testing  CWBS  No.  34121 

PERFORMING  ORGANIZATION:  North  Carolina  A&T  State  University 

North  Carolina  A&T  State  University  Contact  -  J.  Sankar,  919-334-7620 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

200  200 


Standard  Tensile  Test  Development  (WBS  No.  34131 


PERFORMING  ORGANIZATION:  National  Institute  of  Standards  and  Technology  (NIST) 

NIST  Contact  -  S.  M.  Wiederhom,  301-975-2000 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

125  125 

Non-Destructive  Evaluation  fWBS  No.  35111 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  D.  J.  McGuire,  615-574-4835 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 
'  360  360 

Computed  Tomography  fWBS  No.  35151 

PERFORMING  ORGANIZATION:  Argonne  National  Laboratory 

Argonne  Contact  -  W.  A.  Ellingson,  312-972-5068 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

90  60 

Nuclear  Magnetic  Resonance  Imaging  (WBS  No.  35161 

PERFORMING  ORGANIZATION:  Argonne  National  Laboratory 

Argonne  Contact  -  W.  A-  Ellingson,  312-972-5068 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

65  125 


TECHNOLOGY  TRANSFER 


International  Exchange  Agreement  fWBS  No.  41151 

PERFORMING  ORGANIZATION:  ORNL 

ORNL  Contact  -  V.  J.  Tennery,  615-574-5123 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

400  400 

Standard  Reference  Powders  ('WBS  No.  4116') 

PERFORMING  ORGANIZATION:  National  Institute  of  Standards  and  Technology  (NIST) 

NIST  Contact  -  S.  Malghan,  301-975-6101 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fEST) 

150  0 

Development  of  KIf  Standard  fWBS  No.  41211 

PERFORMING  ORGANIZATION:  National  Institute  of  Standards  and  Technology  (NIST) 

NIST  Contact  -  G.  Quinn,  301-975-5765 

ORNL  Contact  -  D.  Ray  Johnson,  615-576-6832 

FUNDING  ($K)  PROFILE:  FY  1992  FY  1993  fESTl 

100  100 


DIVISION  OF  MATERIALS  RESEARCH 
ORGANIZATION  AND  SCIENTIFIC  STAFF 


As  of:  May  1, 


Directorate  for  Engineering 


NSF 

DMR 

Division  of  Materials  Research 


STRUCTURAL  OTHERS 
CERAMICS 

K$  K$ 


CER 

Ceramics  Program 

1,740 

1,520 

MRG 

Materials  Research  Groups 

600 

1,070 

MRL 

Materials  Research  Laboratories 

1,750 

200 

SUBTOTAL: 

4,090 

2,790 

ENG 

Directorate  for  Engineering 

CTS 

Chemical  &  Thermal  Systems 

100 

DDM 

Design  &  Manufacturing  Systems 

600 

600 

ECS 

100 

100 

Electrical  &  Communications  Systems 

EEC 

Engineering  Education  &  Centers 

100 

100 

MSS 

Mechanical  &  Structural  Systems 

200 

100 

SUBTOTAL: 

1,000 

900 

TOTAL: 

$5,090K 

$3,690K 

MAY  12,  1992 


58.0% 


42.0% 


MATERIALS 

SYNTHESIS 

AND  PROCESSING: 

Research  at  the  Interfaces  of 
Materials  Research,  Engineering, 
Chemistry,  and  Biology 


DIVISION  OF  MATERIALS  RESEARCH 
DIVISION  OF  CELLULAR  BIOSCIENCES 
DIVISION  OF  MOLECULAR  BIOSCIENCES 
DIVISION  OF  CHEMISTRY 

DIVISION  OF  BIOLOGICAL  AND  CRITICAL  SYSTEMS 
DIVISION  OF  CHEMICAL  AND  THERMAL  SYSTEMS 
DIVISION  OF  DESIGN  AND  MANUFACTURING  SYSTEMS 
DIVISION  OF  ELECTRICAL  AND  COMMUNICATIONS  SYSTEMS 
DIVISION  OF  MECHANICAL  AND  STRUCTURAL  SYSTEMS 


Deadline  Dates: 

Interdisciplinary,  Collaborative  Proposals  -  November  1,  Annually 
Single  Disciplinary  Proposals  -  Specific  Program  Date 


NATIONAL  SCIENCE  FOUNDATION 


NATIONAL  SCIENCE  FOUNDATION 


ONR  INITIATIVE 
COMPOSITE  INTERFACES 

1986  -  1991 
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OFFICE  OF  NAVAL  RESEARCH 
DR.  STEVEN  FISHMAN 


MOLECULAR  DESIGN 
OF  COMPOSITE  INTERFACES 
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IN-SITU  STRUCTURAL  COMPOSTES 
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ONR  CERAMICS  RESEARCH 
CONTRACTOR  LIST 


CONTRACTORS 

SOWRI,  LANKFORD 
NBS,  STEVE  FREIMAN 
UCSB,  TONY  EVANS 
UTRC,  JOHN  BRENNAN 
NBS,  BRIAN  LAWN 
USNA,  DENNIS  HASSON 
BROWN  U.IS.  NUTT 
UCSB  ISRAELACHVILI J 
PENN.  STATEIPANTANO 
CORNELL/SASS 
N.M.  TECHICHAWLA 
CORNING  GLASS  WORKS 
UCSBIF.  LANGE 
CLARKE/UCSB 
U.  OREGON/JOHNSON 
ROCKWELL/D.  MARSHALL 
U.  PA/WAYNE  WORRELL 
HALLORAN/U.  MICH 
BROWN,  S.  SURESH 
LEHIGH,  H.  CHAN 
HENAGERIBATTELLE  NW 
U.  TEX/H.  MARCUS 
U.  MICHIR.  LAINE 
CAMBRIDGE  UIM.  ASHBY 

TOTAL 


FY92 

FY93 

140000 

140000 

125000 

125000 

332662 

€4700 

125000 

125000 

105000 

105000 

35000 

35000 

115000 

120000 

127310 

0 

122512 

0 

200000 

200000 

89000 

89000 

100000 

0 

160060 

0 

146000 

156000 

74000 

76000 

120000 

119879 

122000 

100000 

25000 

0 

100000 

108000 

153630 

140759 

150000 

150000 

100000 

140000 

90000 

90000 

35000 

105000 

2,89 2,174  2,189,338  * 

COMMITTED  ONLY 


OFFICE  OF  NAVAL  TECHNOLOGY  (ONT 

CERAMICS  PROGRAM 


DR.  WILLIAM  T.  MESSICK 
MATERIALS  TECHNOLOGY  AREA  MANAGER 


< n 

>  w 


o  m 


oO 
< 


<(5 

is 

zo. 

fe!3 

LLl  < 

OE 

U_  LIl 


o< 


< 

>- 

QC 

LU 

Z 

X 

o 

< 


Q 

< 

LU(/) 
X  LU 
(£(0 
<C/) 
>  LU 

to 


O  ocx 

i—  s  = 

—  Q 


553 


LU 

S 
a. 

O 

LU 

>  0|U 
LU  X£ 

Q  o-i 

>  Jj 

cc  <  < 
o  Sjz 
t  ^2 

<  OH 
CC  30 

o 


CL  CO  X 

X  , 

LU  1 


CO 

LU 

z 

X 

< 

ffi 

CO 

VN 

CO 

X 

m[2 

f§ 

o< 

X  u“ 
?  LU 
<X 
coO 
..  LUX 

Z  oco 


o 

5 

g 


X  2 

O  , 

LL  | 


LU  _ 
X 

X^ 

Pfc 

K< 

COX 
UJO 
_l  LU 

cog 

CO 


CO 

CO 

o 

o 


2 

3 

o 

^LU 
^  X 

ec¬ 
us 


g| 


<< 
Q>- 
x  t 
Oj 

£m 


pg 

CO  ± 
>< 

6 

y  lu  Q 
cog 
x  <o 

LU  LU  5 

o  go 
X  2lu 

o  5x 

5  I 


ffi 

< 


CO 

Q 

LU 

CO 

< 

LU 

X 

Q 


I  I 


8 

1 


INCREASED  PERFORMANCE 


FIVE  (5)  MATERIALS  TECHNOLOGY 

THRUST  AREAS 


F 1 74/00 50792/B  M/832 


ONT  PROGRAM  PLAYERS 
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ELECTRONICS  PACKAGING  •  THERMAL  EXPANSION  CONTROL,  WEIGHT 

REDUCTION,  STIFFNESS 

—  CONSTRAINING  CORE  FOR  PRINTED  WIRING  BOARDS 


PRINTED  WIRING  BOARD  (PWB) 
CONSTRAINING  CORE 


LU 

> 

h 

O 

LU 

CD 

O 


CO 

LU 

bz 

COO 

geo 

^z 

O  Q. 
OX 

xw 

ii 

^  LU 

S|E 

CD  CD 
CEg 

Zx 

oo 

Od 
□  LU 

CO  CO 

DC< 

LU_j 

2o 

ii 

05 

m  = 

IE< 

<SE 

irco 

£z 

go 

uio 
>  cc 
LUO 

Q  LL 


CE 

Ul 

CL 

CL 

o 

o 

I 

X 

< 


h 

O 

3 

Q 

Z 

o 

o 


DC  < 
LU  2 
CL  CE 
CL  LU 
O  I 
O  H 

o  < 

LL  CE 
7~  LU 


E  co 

o  2 

<  2 
o!  g 
111  2 
DC  S 

I  I 


CO 

I- 

co 

3 

DC 

X 

H 

x 

o 


CO 

o 

5 

o 

-J 

CL 

0. 

< 

LU 


LU 

CO 


LU 

Z 

o 

CO 

X 

LU 

> 

LU 


O 

O 

2 

O 

z 

o 

X 

o 

LU 

-I 

LU 

Q 

X 

< 

a 

z 

2 

CO 


CO 

X 

LU 

CD 


o 

CD 

X  o 

358 

O  <  LU 
LU  5  O 

CO  >  o 

<  X  X 

CD  x  0- 

5  5 

H 

X  O 
CO 


H  I- 
CO 


■  o  § 


r-  LU 
-  O  ^ 


o 

o 

X 


LU 

^  £  LU 


H  E  HI 
3  =  0 


I  I  I  I 


FUNDING  FY91  FY92  FY93 
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SEM-E  COMPONENT 
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PWB  CONSTRAINING  CORE 
REQUIREMENTS  AND  INCENTIVES 
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manufacturing  technology  development  for  these 
materials. 
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Sponsors:  NSWC  IR,  NSWC  IED  and  ONT  Weapons  and 
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CVD  AND  CVI  OF  CERAMICS 

Status  -  Equipment  purchased  in  FY91  and  set  up  in  FY92 
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to 
♦— » 
j-i 

O 


W 

0> 

.S 

o 

O 

h 

O 


g 

o 

»  iH 
4— ' 

cd 

cd 

a 

CD 

Kh 

a 


0) 

«4-l 

v-i 

<2 
4— » 

G 

CD 

£ 

a 

•  i-H 

G 

tr 

o 

D) 

.a 

Tl 

cd 

>-i 

D) 

a 

D 


cd 

0 
•  r-H 

E 

cd 

a 

Tl 

0 
-t— • 

in 

0 

Vh 

0 
4— < 

.s 

o 

4 — > 

CD 

0 

a 

£ 

0 

CD 


0 

<4-4 

0 

T) 

V 

o 

>-< 

a 


5 


o 

G 

G 

U 

0 


0 

<4—1 

CD 

G 

cd 

Vh 

Eh 


CD 

G 

O 

•  r-H 

4-> 

cd 

o 

•  i— i 

a 

a 

0 

G 

o 

•  r— | 

4— » 

cd 

V-t 

a  s' 

<8  — 
a  2 
0 

o  .S 
^  o 
Vh  G 
O 

^  0 
W  CD 

O  g 

Q  & 

£  g 

2  *4=5 
cd 

4-  O 

CD  yz* 

0  G 

£  CD 

0  cd 
G  tJ) 

.5  _ 

&  o 
oS 

Vh 

4— > 

CO 

I 


CD 


0 

0 

G 

CD 

O 

a 

£ 

o 

o 

Vh 

o 


.0 


0 

CD 

P 


0 
-t— ■ 

CD 

0 

& 

o  t: 
0)  o 

m  £ 

S  ~ 

2  £ 

0  o 

G  S 
o  .a 

G  C/3 
Cd  CD 

>-h  cd 


iG 

G 

•  »—l 
r-H 
0 
tJ) 

i 

r-H 

o 

CO 


0 

«i 


o 

>-4 

o 


-  Surface  laminates  (NRL) 
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High  temperature  adhesives 
Special  applications 
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Composite  Components  Evaluated 


£  o 

CO 

m  5 


PQ  O 


r  r 

O  O 


tH  Cti 

-O  2 
C)  03  c 
S'  Oh  O 

h  1h  y 

pq  M  ^ 


0^0 


o  o 


W  w  C\J  Od 

Ph  r\  P-*  Ph  Ph 

-— ]  Mh  — j  >-i  y* 
CQ  t<  N  N 


W 

>h 

W  <D 


w  CD 

tfl  ^ 
>h  JH 
0  Ph 

rS  £ 

Ph  O 


X-V  >H 

O  cd 


-P  (d  <U 


Flexural  Strength  of  HPQY  Silica  Fiber 
Phosphate  Matrix  Composites 


UPQY  Fiber  Composites 
BP04/45%  Si3N4  Matrix 


Naval  Surface  Warfare  Center  Ceramics  Research 
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STRUCTURAL  CERAMICS 


Ceramics  &  Ceramic  Matrix  Composites 


Navy  Aircraft  Support 


High  Temperature  Mechanical  Testing 
Novel  Synthesis  Pre-Ceramic  Polymers 


Future  Directions 
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High  Temperature  Ceramic  Systems 
-  Low  Observables 
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PROVIDE  COMPLETE  TECHNICAL  AND  ENGINEERING  SUPPORT 
TO  NAVAIR  AND  THE  FLEET  FOR: 
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SILICON  NITRIDE 
CERAMIC  MATRIX  COMPOSITES 
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SILICON  NITRIDE 
CERAMIC  MATRIX  COMPOSITES 


2  0  £ 

w  w  O 

m  hh 

ST  Ph 
PQ  HH 

a  2 

W  W  2 

>Dh 

hJ  ^ 

£  Q 

Ph  £ 


CD 

w 

pp 

H 


w  O 
E  Z  rn- 

2  w  2 

.f?2  u  O 

U  G  c  u 
«5  p  u  H 

?  s 

J*  <  Cfi  * 

SgSg 

h,  n  h  h 
Z  H  cn 


^  U  ft, _ 

H  H  W  N 

p“o» 

PP  Ph  U  Ph 


CD 

£ 

H 

< 

H 

CD 


CD 

Os 


<N  g 
O'*  ^ 


O 
rH  in 
ON  rH 


FUNDING(FY/$K): 


SILICON  NITRIDE 
CERAMIC  MATRIX  COMPOSITES 


(*> 

e> 

2 

P 

< 

O 

u 


2 
•  fH 

CD 


>  W  CsS  CO  BS  w 
Pi  »  w  O  O  > 

o  g  2  ^  H 

C  £  w  Z 

,  <!  s  w  H  D 

|E?B23 

P»N2w 

2^§1« 

*Pfogg§ 

S  <  2  >  H  fe 

a°»2Q£ 

«  UH 
^  5o  o  nJ 

n  ^  ^  fi  2 

iSB8S3 

i»5<sg 
l„gS<s 
“;og2> 

>H  iJ  ■<  MJ 

hJ  w  ett u 


o 


>OOwhP 

^  ^  w  >  H 

o  d 

<£  co 

i;  t— (  <1 

;  z  O  5  5  H 
hSU^Sco 


_■  Ph  2  w  > 

=>«p 

O  5  hJ 
u  <  nJ 


o 

^  3 

0's 


O 

co  o 

^  rH 


04  O 
^  to 


FUNDIN  G(FY/$K): 


W 

> 

H 

U 

W 

£ 

o 


HOODED 

Sh|S|d 

u»s$z5h 


e  y  c  ^ 

P-H  O  (J  K- 

^  0  U  ^ 

h  S  <  a  fig 

2  sp^ss 


j  4  4,  H  ^  ^ 

Sz||g| 

D  O  «  •  w 

H  «  LU  D  W  m 

ey|go3 

“bSHlW 

ShQwOj 

3§«M 

2|ig  .ss 

>5|C1Sh 

Kq2>|<3 

O  gS  ei  q  z  S  « 

I  ti  P4  ^  W  C/5 

^  nj  Ph  H  m  ^ 
<*  r  n  ttd  i/\  w 

Z  g  §  H  g  6  < 

S  «  h  X  css  s  5 

iT  [U  m  O  H  n  w 


W  Ph 

Z  O 

a  </> 

0  Kl 

S  w 

OS 

«5 

Z§ 

2§ 

N  H 

5  W 

loES 

^  z  <: 

_  P  e* 
D  H  n 

lo 

?s 

Sz 
°££ 

Z§ 

w  a 

ss 

W  pq 

gS5 

go< 


z 

o 

HH 

C/5 

W 


O 

z 

z 


C/5 

w 

l-H 

0 

a 

H 

C/5 

H 

C/5 

o 

u 


0 

z 

< 


H 

V) 

w 

H 


D 

z 

< 

z 

o 

HH 

H 

< 

y 

2 

PO 


w 

hJ 

N 

N 

O 

z 


w 

h-a 

u 

C/5 

h-l 

hJ 

Ph 


O 


O  O  O 


GLASS-CERAMIC  COMPOSITE 
COMPONENT  FABRICATION 
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COMPOSITE  PROCESSING:  Develop  processing/microstructure  relations. 
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DETERMINE  APPROPRIATE  "FLAVOR"  OF  MECHANICS  FOR  TREATING 
MATERIAL  BEHAVIOR  (Continuum,  LEFM,  Damage  Mechanics,  etc) 
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Fatigue ,  and  Microstructure  of  Ceramics 

Rockwell  Int'l  Science  Center  (Dr  David  Marshall)  -  Transformation 
Toughening  of  Ceramics 


MICROSTRUCTURE  &  MECHANICAL  PROPERTIES  OF  CERAMICS 


Investigated  microstructure-strength 
relations  in  two-phase  ceramics 


MICROSTRUCTURAL  TAILORING 


MICROSTRUCTURAL  DESIGN 


MECHANICAL  PROPERTIES 


Enhanced  toughness  Flaw  tolerance 
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Northwestern  Univ  (Prof  Isaac  Daniel)  -  Characterization  of  Deformation 
and  Damage  in  Brittle-Matrix  Composite  Materials 
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Air  Force  Basic  Research 

Structural  Ceramics  Program 
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outhwest  Research  Inst  (Dr  Richard  Page)  -  High-Temperature  Failure 
Mechanisms  in  Ceramics 


of  Coated  Fiber-Reinforced  Glass  Ceramic-Matrix  Composites 
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High-Temperature  Composites 


Air  Force  Basic  Research 

Structural  Ceramics  Program 
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•  Room  and  Elevated  Temperatures 
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Develop  understanding  of  thermomechanical  behavior  through 
appropriate  experiments  and  modeling 


Air  Force  Basic  Research 

Structural  Ceramics  Program 
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WRIGHT  LABORATORY  MATERIALS  DIRECTORATE 
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-  TECHNICAL  LEADERSHIP  OF  GOVERNMENT-WIDE 
CMC  EFFORTS 


Ceramic  Composites 
Key  Activities 
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SYSTEMS  (TO  2200°  F) 

JOINT  ML/PO  PROGRAMS  UNDER  IHPTET  PRDA  III  (TWO 
PLANNED  FY92  6.2  NEW  START) 


Ceramic  Composites 
Key  Activities  (Cont.) 
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MULTIFILAMENT  AND  MONOFILAMENT  FIBERS  FOR  CMC  AND 
MMC  (PLANNED  FY92  6.2  START) 
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11.  Determine  structural  properties  for  optimum  SiC/RBSN. 
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13.  Develop  time  dependent  reliability  models. 
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radiation  corrections  incorporated. 


Laser  Heated  Float  Zone  Processing  for  Strong 
Directionally  Solidified  YAG-AI203  Fibers  Demonstrated 


Better  intermediate  and  high  temperature 
strength 


Creep  Model  Developed  and  Creep  Parameters 
Experimentally  Established  for  Current  Polycrystalline 

SiC  Fibers 

•  Primary  stage  model:  Ec  =  Aq  <rntP  exp  [-B/T] 
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Use  temperature,  °C 

Use  temperature  can  be  predicted  for  any  o/E/t 

Creep  model  aids  structural  analysis  of  advanced  composites 
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•  Maximum  toughness  achieved  by  hot  pressing  at  1450  °C 

•  Three  invention  disclosures  filed  '90-'91 


JS4-23/EPM  for  W$CT 


Enabling  Propulsion  Materials 
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CSTEM  selected  as  computer  code  for  composite  analysis 


JS4-23/EPM  for  HSCT 


RESULTS  FOR  SOME  ADDITIONAL  EFFORTS 
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SiC  and  Si3N4  oxidation  at  Si3N4  oxidation  at  1 350°C  yields  an  Si02 
1 350°C  accelerate  over  top  layer  and  a  Si2N20  inner  oxide  layer. 

50-fold  after  a  90-minute  Excursion  to  1 500°C  eliminates  the  Si2N20 

excursion  to  1 500°C.  and  induces  microcracks  across  the  SiOo. 


MATERIALS  DIVISION 


o 


_  O 

03  (f) 

£  c 

o  ° 

JC  U) 
h—  C 

0 

o 

o  ° 

t$S 

«j  = 

U-  3 

>>2 

<D 

y;  T3 
0 

£  2 

w  Q- 

co  CO 

"O  (0 

.2  E 

~  (/) 

ci3 

Q  Q_ 

•D  m_ 

»  2 

—  o 

=  0 

rt.| 

oo  <8 

0  DC 

58  -* 

CO  o 

n  ° 

u-  JZ 

CO 


$ 


CM 

§ 

O 


Mullite  coating  cracks  on  thermal  cycling. 
Close  CTE  match  between  mullite  and  SiC,  and 
the  cracking  of  free-standing  sprayed  mullite 
indicate  that  predominant  factors  causing  the 
cracking  are  within  the  mullite. 


High  Temperature  Behavior  of  Coated  and  Uncoated 
3D  Woven  SiC  Fiber/SiC  Ceramic  Matrix  Composites 
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tolerance  and  expedites  CVI  processing. 

•  Specimens  coated  with  CVD/SiC  protect  composites  from  severe 
oxidation. 

•  Results  show  increased  composite  strength  and  stiffness. 
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Effect  of  Ion-Plated  Silver  on  Mitigating  Surface  Tensile 
Stress  and  Microfracture  During  Sliding  on  Alumina 


Friction  coefficient,  jx 

SCIP  Silver  reduces  friction-allowing 
increased  bearing  load 


Microfracture  and  Grain  Pull-Out  in  Alumina 

Uncoated  alumina  SCIP  Silvercoat  coated  alumina 


(high  throwing  power) 


THERMAL  PROTECTION  MATERIALS 
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■  Ceramic  Matrix  Composites 

■  Organometallic  Precursors 


Major  Goals 


NASA  Ames  Research  Center  Thermal  Protection  Materials 


Continual  Research/Technology  Development 
Supports  Projects 


Projects 
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Planetary  Probes  (MESUR,  ESA/Rosetta) 
Hypersonic  Aircraft  (Pegasus,  Waveriders) 


Advanced  Material  Families 


r 


j 


NASA  Ames  Research  Center  Thermal  Protection  Materials 


Diboride  Components 


NASA  Ames  Research  Center  Thermal  Protection  Materials  Branch 


CERAMIC  MATRIX  COMPOSITES  PROGRAM 
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Thermal  Protection  System 


TENSILE  STRENGTH  OF  SIC,  Si-C-N  and  Sl-C-B  FIBERS  TEMPERATURE  EFFECTS  ON  FIBER  TENSILE 

AS  A  FUNCTION  OF  FIBER  DIAMETER  STRENGTH  IN  AIR 
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Ref.  K.J.  Wynne  and  R.W.  Rice,  Ann.  Rev.  Mater.  Sci.,  14, 297  -  334  (1984). 


As  illustrated  below,  two  or  more  cl 1 1  f erent  RSI 
materials  can  be  joined  at  room  temperature  and 
subsequently  bonded  together  at  the  melting  point 
of  the  tape  cast  ceramic.  The  thermal  properties 
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IMPACT  RESISTANCE  OF  RSI  COATING  SYSTEMS 
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AREAL  WEIGHT,  Ib/lt 


SURFACE  TOUGHENING 
OF  TABI  TO  AEROACOUSTIC  ENVIRONMENTS 


Aeroacoustic  survival  of  flexible  TPS  after  600  sec  at  170  dB 
(after  exposure  to  radiant  heat  cycle) 


NASP  Insulation  System  Development  (GWP#95) 

Acreage  Insulation  Arc-Jet  Test  Article  Thermal  Performance  of  Baseline  Batting 

Simulates  baseline  structure  without  NPO  structural  High-Temp:  Fibermax 

attachments  to  assess  insulation  performances  for  Intermediate-Temp:  QFelt 

acreage  protection.  2000.0  , - - - • 
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WHAT  IS  PRE-COMPETITIVE  TECHNOLOGY? 

We  know  that  competition  is  key  to  rapid  technological  advancement.  How  then 
can  competitors  work  productively  together?  (SEMATECH,  MOSIS,  Japan  Fine 
Ceramics  Center,  ATP) 
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and  Universities  from  competitively  selected 

proposals  •  Textron  Lycoming 

Participation  of  government  program  managers  •  General  Electric  Aircraft  Engines 
in  contract  selection/project  management 

•  Pratt  &  Whitney 
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Decohesion  at  oxide-metal  interfaces 


Rensselaer  Polytechnic  Institute  (S.  Sternstein) 

Creep  and  thermal  expansion  measurements  (RT  -  1500°C) 
Self-Resistance  heating  of  SCS-6  SiC  fibers 


CERAMIC  FIBER  PROCESSING  6DARP 
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Improved  Quality  and  Reduced  Costs  through  IPM,  Sapphire  pulled  from  the  melt 
via  edge-defined  film  growth 

University  of  Florida:  Sintered  Mullite  fibers  via  transient  viscous  phase  sintering 
and  low  oxygen  polymer  derived  SiC  fibers.  (M.  Sacks) 
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CERAMIC  FIBER  PROCESSING  QDARP 

CONTINUED 


MECHANISM-BASED  DESIGN 
OF  COMPOSITE  STRUCTURES 
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A  new  generation  of  designers  capable  of  utilizing  advanced  design  methodology 
will  be  needed  to  integrate  manufacturability  and  performance  of  these  advanced 
high-temperature  composite  materials. 
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Development  of  Sensors  Which  Provide  Information  About  The  Material  State, 
Both  During  Processing  and  In  Use 

NEW  PARADIGM:  From  Material  Replacement  to  Designing  For  Functionality 
And  Manufacturability  (Concurrent  Engineering) 


Interagency  Coordinating  Committee  on  Structural  Ceramics 

May  1992 


U.S.  BUREAU  OF  MINES 
Division  of  Minerals  and  Materials  Science 


Materials  Research 


CONSERVATION 
Sara  A.  Dillich 
FTS  501-9282 


SUBSTITUTE  MATERIALS 
Garrett  R.  Hyde 
FTS  501-9281 


STRUCTURAL  CERAMICS  RESEARCH 
($1000) 

TUSCALOOSA  RESEARCH  CENTER,  Tuscaloosa,  Alabama 
Research  Supervisor:  vacancy 


o  Processing  of  Advanced  Ceramics  $1 000 

Effects  of  processing  parameters  on  properties.  Focus  is  on  a 
single  processing  operation 

•  Microwave  processing 

-  MIP  Processing  of  Advanced  Ceramic  Powders 

-  Developed  a  technique  for  high  T  measurement  of  dielectric 
properties  of  advanced  ceramics 

-  Organometallic  Precursors  for  Advanced  Ceramics 

-  Synthesis  of  SiC/AIN  Ceramics  by  Chemical  Routes 

-  Laser  Processing  (Melting)  of  SiC  -  wt  University  of  Alabama 


o  Structure  and  Properties  of  Advanced  Ceramics  $600 

Relationships  between  composition,  microstructure/properties  and 
performance  in  severe  service  environments.  Focus  is  on 
relationships  between  treatment  and  performance  of  finished 
material. 

-  Alumina  oxycarbide  substitute  for  flake  graphite  (and  chromite) 
in  refractory  Brick 


-  Titanium-aluminum  oxynitride-spinel  composites  -  high  MOR 
--  composition  and  heat  treatment  effects  on  strength  and 
electrical  properties 


o  Corrosion  of  Ceramic  Materials 


$250 


Mechanisms  of  corrosion  in  advanced  ceramic  materials  in  severe 
corrosive  environments  up  to  1000  C 


ALBANY  RESEARCH  CENTER,  Albany,  Oregon 
Research  Supervisor:  Richard  Walters 


o  Fundamentals  of  Wear  and  Machining  $345 

Erosion  of  monolithic  ceramics  --  investigation  of  the  mechanisms 
of  material  removal  and  how  they  are  affected  by  changes  in  the 
scale  of  the  damage  relative  to  the  scale  of  the  microstructure 


o  Micromechanisms  of  Compressive  Fracture  in  $275 

Heterogeneous  Systems 

Analytical  study  of  the  role  of  interfaces  between  reinforcing 
particulates  and  brittle  matrices  under  multiaxial  compressive 
loading 


IDAHO  NATIONAL  ENGINEERING  LABORATORY,  Idaho  Falls,  Idaho 

o  Fracture  Mechanics  of  Interfaces  in  $242 

Heterogeneous  Microstructures 
J.S.  Epstein,  Principal  Investigator 

Real  time  (Moire  interferometry)  study  of  mechanisms  of  interface 
fracture  in  heterogeneous  microstructures 


$417 


o  Oxynitride  Based  Ceramic  Composites 
M.H.  O’Brien,  Principal  Investigator 

Synthysis  and  characterization  of  composites  based  upon 
oxynitride  matrix  compositions 
--  Oxynitride  sintering  of  Si3N4 

-  Reaction  sintered  composites 
TZP  reinforced  SiAION 
SiC-SiCAION  composite  fiber,  fiber  drawing 


o  Noncontactina  NDE  for  Materials  Characterization 
K.L.  Telschow,  Principal  Investigator 

Ceramics  Component:  $60 

-  Ceramic  Densification  During  Microwave  Sintering 


POSSIBLE  NEW  DIRECTIONS  FY  1993 

TUSCALOOSA  RESEARCH  CENTER,  Tuscaloosa,  Alabama 

o  Design  and  Synthesis  of  functionally  layered  nanocomposites  by 
intercalation  of  layered  structures  e.g.,  clay,  graphite 

o  Development  of  a  Gas-Fluidized  Bed  Turbomill  in  which  grinding 
media  are  fluidized  with  a  gas  (air)  instead  of  liquid 


ARO  -  MATERIALS  SCIENCE  DIVISION 


(919)  549-4329 
dsn/fax;  832-4310 


MATERIALS  SCIENCE  DIVISION 
PROGRAM  RESPONSIBILITIES 


)1  March  1001 


MATERIALS  SCIENCE  DIVISION 


ARO  MS  DIVISION  BUDGE! 

BY  MATERIAL  CLASS 


URI  PROGRAMS 
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mechanisms  capable  of  sensing  and  responding  to  a  stimulus  in  an 
appropriate  fashion 


ARO  -  MATERIALS  SCIENCE  DIVISION 

URI:  BIOMIMETIC  PROCESSING  OF  MATERIALS 

CWRU  &  UW  &  PRINCETON 
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SURFACE  MODIFICATIONS/COATINGS 

PROGRAM  FY  1992 
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SAUNDERS  B.  KRAME 


EXECUTIVE  SUMMARY 
ATTAP  PROGRAM 

THE  ATTAP  (ADVANCED  TURBINE  TECHNOLOGY  APPLICATIONS  PROGRAM)  WAS  INITIATED  FOR 
THE  PURPOSE  OF  DEVELOPING  STRUCTURAL  CERAMICS  FOR  THE  HOT  SECTION  OF  THE 
ADVANCED  AUTOMOTIVE  INDUSTRY  AS  A  VIABLE  STARTING  POINT  FOR  THE  INDUSTRY  TO 
ENGAGE  IN  MANUFACTURING  ENGINEERING  VIS-A-VIS  THE  USE  OF  THE  GAS  TURBINE  AS 
THE  NEW  PROPULSION  SYSTEM  FOR  AUTOMOBILES. 

THE  PROGRAM  COMMENCED  IN  MID-1987  AND  HAS  A  FY  '92  BUDGET  OF  $12.15  MILLION. 
THE  TWO  MAJOR  CONTRACTORS,  OPERATING  IN  A  COOPERATIVE  MODE  (I.E.,  NOT 
COMPETITIVE  FOR  THE  PURPOSE  OF  DEVELOPING  THE  AFORESAID  CERAMICS)  ARE  THE 
ALLISON  GAS  TURBINE  DIVISION  OF  GM  AND  THE  GARRETT  AUXILIARY  POWER  DIVISION  OF 
THE  ALLIED-SIGNAL  AEROSPACE  CORP.  THESE  CONTRACTORS  EACH  HAVE  A  FIVE  YEAR 
CONTRACT,  ENDING  IN  1992,  WHICH  IS  INCREMENTALLY  FUNDED  ON  AN  ANNUAL  BASIS. 

ALL  CERAMIC  COMPONENT  RESEARCH  AND  DEVELOPMENT  IS  SUBCONTRACTED  TO  DOMESTIC 
INDUSTRY  BY  THE  TWO  MAJOR  CONTRACTORS.  THE  CHOICE  OF  CERAMIC  SUBCONTRACTORS 
WAS  MADE  AFTER  A  DETAILED  SURVEY  OF  FORTY  POTENTIAL  MEMBERS  BY  THE  TWO  TEAMS. 
NINE  SUCH  MEMBERS  WERE  CHOSEN  AND  SOME  OF  THESE  PROVIDE  R  &  D  TO  BOTH  ALLISON 
AND  GARRETT.  BOTH  ALLISON  AND  GARRETT  ARE  NOW  TESTING  CERAMIC  COMPONENTS  IN 
THE  2500  F  (1371C)  TEMPERATURE  REGIME. 


CE22577.01  FLP#  CE21959  (KRAMER)  QQg 
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ADVANCED  TURBINE  TECHNOLOGY 
APPLICATIONS  PROGRAM 


MAJOR  ACCOMPLISHMENTS  DURING  FY 1991  &  1st 

HALF  FY 1992 
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INTERAGENCY  COORDINATING  COMMITTEE  FOR  STRUCTURAL  CERAMICS 
Annual  Meeting,  May  13,  1992 

DR.  BRIAN  VOLONTINE 

ADVANCED  INDUSTRIAL  CONCEPTS  MATERIALS  PROGRAM 
Office  of  Industrial  Technologies,  Conservation  and  Renewable  Energy 

U.S.  Department  of  Energy 


The  mission  of  the  AIC  Materials  Program  is  to  conduct  applied  research  and 
development  to  help  bridge  the  gap  between  basic  research  and  industrial 
application  of  energy  saving  materials  and  materials  processing  methods.  This 
is  accomplished  through  development  of  materials  that  save  energy  by  enabling 
improved  system  efficiencies  and  increased  service  lives  and  of  processing 
methods  using  less  expensive  raw  materials  and  fewer  processing  steps.  The 
Program  serves  as  a  resource  for  end-use  programs  withing  Conservation  and 
Renewable  energy  and  works  directly  with  industry  to  identify  needs,  conduct 
cooperative  research  and  development,  and  transfer  technology. 


STRUCTURAL  CERAMICS  PROJECTS  -  FY  1992 


Chemical  Vapor  Infiltration  of  TiB2  -  Oak  Ridge  National  Laboratory  -  Ted 
Besmann,  P.I.  Funding:  $200,000 

The  purpose  of  this  task  is  to  develop  continuous  filament  TiB2  matrix 
composites  by  use  of  a  forced-flow  chemical  vapor  infiltration  method.  The 
work  is  coordinated  with  extensive  modeling  efforts  at  Oak  Ridge  and  Georgia 
Institute  of  Technology  and  the  work  on  computerized  X-ray  tomography  at 
Lawrence  Livermore  National  Laboratory. 

Microwave  Assisted  Chemical  Vapor  Infiltration  of  SiC  -  Los  Alamos  National 
Laboratory  -  Robert  Currier,  P.I.  Funding:  $200,000 

Work  is  being  conducted  to  deposit  silicon  carbide  by  chemical  vapor 
infiltration  into  woven  SiC  fiber  reinforcements.  Application  of  microwave 
power  creates  an  inverse  thermal  gradient  so  that  deposition  proceeds  from  the 
center  outward,  minimizing  porosity  and  eliminating  the  need  for  periodic 
machining  to  reopen  channels  for  gas  infiltration. 

Microwave  Sintering  of  Oxides  -  Oak  Ridge  National  Laboratory  -  Mark  Janney, 
P.I.  Funding:  $500,000 

The  work  has  shown  that  microwave  sintering  of  oxide  ceramics  is  a  low  energy 
alternative  to  resistance  heating  and  results  in  increased  sintering  rates  and 
beneficial  microstructures.  Additives  to  couple  with  microwave  energy  without 
significant  property  changes  have  been  found  and  extensive  modeling  of 
microwave  energy  distribution  has  been  done.  A  variable  frequency  microwave 
furnace  has  been  developed  and  is  being  commercialized.  The  work  is 


coordinated  closely  with  microwave  sintering  of  silicon  nitride  supported  by 
the  Office  of  Transportation  Technologies. 

Microwave  Spray  Drying  of  Oxides  -  Los  Alamos  National  Laboratory  -  Gerald 
Vogt,  P.I.  Funding:  $400,000 

The  project  is  to  determine  the  feasibility  of  using  microwave  energy  to  spray 
dry  oxide  ceramic  powders  by  continous  flow  through  a  cylindrical  microwave 
cavity.  Results  have  shown  that  uniform,  spherical  particles,  with  a  minimun 
of  agglomeration  can  be  obtained. 

Chemical  Vapor  Composites  -  Sandia  National  Laboratories,  Livermore  -  Mark 
Allendorf,  P.I.  Funding:  $320,000 

The  formation  of  SiC  composites  by  chemical  vapor  deposition  with  particulate 
or  short  fiber  reinforcements  entrained  in  the  gaseous  reaction  stream  was 
developed  by  Thermoelectron  Technologies.  This  task  includes  modeling  of  the 
kinetics  and  mechanisms  of  the  process,  coupled  with  experimental  verification 
at  the  Combustion  Research  Facility  of  SNLL. 

Synthesis  and  Processing  of  Composites  bv  Reactive  Metal  Infiltration  -  Sandia 
National  Laboratories,  Livermore  -  Ronald  Loehman,  P.I.  Funding:  $350,000 

Infiltration  of  a  porous  preform  of  ceramic  powder  by  a  reactive  metal,  such 
as  molten  aluminum,  can  result  in  a  wide  variety  of  reaction  products 
depending  on  the  chemical  identities  and  ratios  of  the  reactants.  This  work 
is  being  done  to  develop  a  variety  of  net  shape  or  near  net  shape  composites, 
with  either  ceramic  or  metal  matrices,  using  inexpensive  raw  materials  and 
relatively  low  temperature  processes.  The  work  is  coordinated  with  a  project 
at  Oak  Ridge  to  develop  oxide  and  carbide  composites  reinforced  with 
intermetal  1 ic  alloys. 

Computerized  X-Ray  Tomography  of  Composites  -  Lawrence  Berkeley  Laboratory  - 
John  Kinney,  P.I.  Funding:  $180,000 

Three  dimensional  images  of  porosity  in  chemical  vapor  infiltrated  composites 
can  be  obtained  by  this  method.  A  specially  constructed  CVI  reactor  makes  it 
possible  to  interrupt  the  CVI  process  at  any  stage  for  XTM,  thereby  providing 
a  means  of  determining  the  progress  of  deposition,  the  geometry  of  remaining 
pore  spaces,  the  extent  to  which  pores  have  been  closed  to  further  deposition. 
The  resolution  if  sufficient  to  map  both  density  and  morphology  of  the  matrix 
with  respect  to  position  within  the  reinforcing  fibers.  The  work  is  closely 
coordinated  with  other  composites  work  in  the  AIM  Materials  Program. 


ADVANCED  INDUSTRIAL  CONCEPTS  MATERIALS  PROGRAM 


Structural  Ceramics  Funding 
($000) 


Proiect 

FY  1991 

FY  1992 

FY  1993 

Chemical  Vapor  Infiltration 
of  TiB2 

200 

200 

200 

Microwave  Assisted  CVI  of  Sic 

200 

200 

200 

Microwave  Sintering  of  Oxides 

500 

450 

450 

Microwave  Spray  Drying 

400 

400 

400 

Chemical  Vapor  Composites 

300 

320 

350 

Composites  by  Metal  Infiltration 

0 

350 

350 

X-Ray  Tomography 

200 

180 

200 
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THE  ADVANCED  INDUSTRIAL  CONCEPTS  MATERIALS  PROGRAM 

FY  1992 


Mission  and  Goals 


The  mission  of  the  Advanced  Industrial  Concepts  Division  (AIC) , 
within  the  Office  of  Industrial  Technologies,  Conservation  and 
Renewable  Energy,  is  to  support  generic,  long-term,  high-risk 
applied  research  and  development  in  those  processes  and 
technologies  that  underpin  industrial  unit  operations.  The  AIC 
output  provides  a  technology  base  to  improve  energy  use 
efficiency  and  advance  industrial  capability  to  use  alternative 
energy  resources.  Materials-related  research  in  AIC  is  conducted 
in  the  AIC  Materials  Program.  The  Materials  Program  develops 
generic  materials  technologies  in  order  to  advance  them  to  a 
stage  at  which  private  industry  or  other  government  programs  can 
carry  them  on  to  technology  and  engineering  demonstration.  The 
Program  emphasizes  materials  as  an  enabling  technology  for 
industrial  energy  conservation.  For  purposes  of  definition  and 
planning,  the  following  general  guidelines  are  considered 
appropriate . 

•  Generic.  Research  is  conducted  on  those  materials  and 
processes  with  a  broad  range  of  applications  in  industrial 
operations.  If  materials  and  processes  are  applicable  to  other 
sectors,  such  as  transportation,  buildings,  and  utilities,  the 
applicability  is  to  be  identified  and  coordination  is  established 
with  the  appropriate  Program  Managers . 

•  Applied  Research  and  Development.  Emphasis  is  on  those 
materials  and  processing  technologies  that  have  the  potential  for 
real  industrial  application  within  a  reasonable  period  of  time. 
Technologies  that  have  advanced  beyond  basic  research  but  are  not 
ready  for  practical  applications  are  appropriate  for  AIC 
materials  research.  The  Program  attempts  to  take  a  lead  role  in 
"bridging  the  gap"  in  materials  research  and  development  for 
commercialization . 

•  Technology  Base.  For  any  materials  or  processing  technology 
that  has  not  found  industrial  use,  there  is  knowledge  needed  to 
enable  practical  application.  In  the  spectrum  between  discovery 
and  manufacturing,  that  missing  knowledge  may  be  at  any  point 
between  basic  research  and  the  factory  floor;  it  is  a  proper  role 
for  the  AIC  Materials  Program  to  identify  the  technology 
(knowledge)  needs  and  to  conduct  appropriate  research  to  satisfy 
those  needs . 

•  Towards  Technology  and  Engineering  Demonstration.  The  goal  of 
AIC  materials  research  is  to  "bridge  the  gap"  between  basic 
research  and  proof -of -concept  or  prototype  production.  The 
difficult  task  is  to  determine  the  point  at  which  technology  is 
picked  up  from  basic  research  and  the  point  at  which  it  should  be 
delivered  to  others  for  implementation.  These  are  different  for 


each  material  or  process. 


•  Private  Industry  or  Other  Government  Programs .  A  logical 
continuation  of  the  previous  statements  is  that,  at  some  stage, 
the  research  conducted  will  be  ready  to  turn  over  to  others  for 
industrial  use.  At  present,  AIM  researchers,  assisted  by 
technology  transfer  offices,  are  doing  an  excellent  job  of 
interesting  industry  in  the  materials  and  processes  resulting 
from  their  work.  These  efforts  are  properly  considered  within 
the  missions  of  other  DOE  programs  or  even  those  of  other 
government  agencies  and  concerted  effort  is  exerted  to  pass  the 
technology.  The  Program  can,  as  a  result,  identify  new 
technology  concepts  and  have  the  flexibility  to  act  upon  them. 


FY  1991  Accomplishments 

Following  the  successful  improvement  and  development  of  new 
materials  and  processes  for  industrial  energy  efficiency  and 
transfer  of  technology  in  1990,  the  Engineered  Industrial 
Materials  and  Materials  Manufacturing  Technologies  programs  were 
even  more  successful  in  1991.  During  those  two  years, 
researchers  in  the  programs  produced  over  130  technical  papers, 
held  8  workshops  and  technical  exchange  meetings,  and  worked 
closely  with  59  manufacturing  companies.  The  work  was  recognized 
by  4  R&D  100  awards  and  nine  peer  awards.  Direct  indicators  of 
technology  transfer  were  the  9  Cooperative  Research  and 
Development  Agreements  and  6  Patents,  with  11  Patent  applications 
pending  and  6  more  Patent  disclosures  filed.  Two  licenses  have 
been  granted  to  industry  and  two  new  companies  have  been  formed 
to  use  the  new  technology. 

Research  on  intermetallic  alloys  at  ORNL  and  LANL  resulted  in 
solutions  to  several  barriers  to  use  of  these  materials  at  very 
high  temperature  in  hostile  environments.  The  inherent  low 
temperature  brittleness  and  high  temperature  creep  were 
eliminated  by  alloy  additions  and  microstructural  control  through 
processing;  the  first  successful  method  for  welding  nickel 
aluminides  was  developed;  and  the  shape  memqry  effect  in  nickel 
aluminide  was  characterized.  Industrial  testing  of  these 
materials  showed  that  they  have  great  energy  saving  potential  and 
will  be  more  reliable  and  durable  than  currently  used  materials. 

At  NREL,  cost  effective  processes  for  recovery  of  monomers  from 
six  different  mixed  plastic  waste  streams  were  developed.  The 
monomers  can  be  used  for  making  new  polymeric  materials  at  lower 
cost.  The  first  successful  process  to  produce  thermoset  plastics 
that  can  be  chemically  recycled  was  developed  by  NREL 
researchers,  and  new  polymer  composites  were  made  from  wood 
products . 

Aerogels,  developed  at  LBL,  demonstrated  record  high  insulating 
values,  more  that  four  times  those  of  any  other  material,  and 
have  attracted  interest  from  automobile,  appliance,  aerospace. 


and  construction  materials  manufacturers.  Research  on  aerogels 
and  other  sol-gel  processes  will  lead  to  an  entirely  new  class  of 
functional  materials  to  serve  as  filters,  membranes,  catalyst 
carriers,  and  electolyte  carriers. 

Work  at  ORNL,  LLNL,  LANL,  and  SNLL  has  advanced  understanding  of 
ceramic  composites  formation  for  very  high  temperature  structural 
uses  by  modeling  chemical  vapor  deposition  processes,  devising 
new  methods  of  infiltrating  reinforcing  preforms,  using 
microwaves  to  densify  advanced  ceramic  materials  with  a  fraction 
of  the  usual  energy  use,  and  developing  an  X-ray  tomography 
camera  that  detects  pores  and  flaws  of  microscopic  size  in  the 
interior  of  the  component.  Other  important  ceramic  materials 
being  developed  include  oxide  and  carbide  ceramics  bonded  with 
intermetallic  alloys  to  produce  high  strength,  ultratough,  wear 
resistant  and  corrosion  resistant  composites. 

Other  significant  materials  developments  include  chemically 
specific  surfaces,  with  potential  for  wide  application  as 
membranes,  sensors,  and  ion  absorbers,  being  developed  at  SNLA ; 
commodity  plastics  strengthened  by  polymerization  in  a  magnetic 
field  at  LANL;  ultratough  polymers  with  surfaces  nearly  as 
scratch  resistant  as  diamond  being  produced  at  ORNL;  and  oxide 
films  with  controlled  crystal  structure  and  orientation,  being 
made  at  PNL  by  room  temperature  processes  that  mimic  biological 
processes.  All  these  projects,  though  underway  for  only  a  short 
time,  have  been  remarkably  productive  and  promising. 

Properties  and  performance  capabilities  of  materials  now  used 
place  severe  limits  on  energy  efficiency,  systems  durability, 
and  environmental  compatibility  of  industrial  processes.  The 
goals  of  the  AIC  Materials  Program  are  to  identify  materials  that 
will  enable  industrial  systems  to  operate  with  greater  thermal 
and  mechanical  efficiencies,  greater  reliability,  and  increased 
service  lives  and  to  conduct  research  and  development  on  energy 
efficient  processes  to  synthesize  materials  to  be  used  to 
assemble  practical  components  and  devices. 


FY  1992  Research  Activities 


Engineered  Industrial  Materials--In  FY  1992,  research, 
development,  and  technology  transfer  efforts  is  devoted  to 
alloys,  primarily  nickel  aluminides,  iron  aluminides,  titanium 
aluminides,  and  molybdenum  disilicides.  Properties  of  these 
materials  have  been  improved  to  the  extent  that  successful 
industrial  trials  have  been  conducted,  several  CRADA's  have  been 
signed,  and  potential  new  applications  have  been  identified. 
Given  the  number  of  alloys  and  the  multitude  of  industrial 
applications,  a  program  plan  for  continuation  of  work  on 
intermetallics  and  for  identification  of  other  important  alloys 
systems  is  needed  and  will  be  developed.  Work  on  rapidly 
solidified  alloys  (INEL)  is  continuing;  during  FY  1991,  three 
CRADA's  were  signed  with  industrial  partners  and  three  more  will 


be  completed  early  in  FY  1992.  FY  1992  goals  include  1) 
demonstration  of  modeling  validity  and  manufacturability  of  MoSi2 
reinforced  with  continuous  fibers  (LANL) ,  2)  completion  of 
melting  and  solidification  characterization  of  castable  nickel 
aluminide  alloys,  and  3)  completion  of  mechanical  property  and 
shape  memory  characterization  of  nickel  aluminide. 

Research  and  development  of  polymers  (lightweight  and  biobased 
materials)  will  continue  (NREL) ,  with  increased  emphasis  on 
transfer  of  the  highly  successful  work  on  recycling  technology 
and  consolidation  and  enhancement  of  work  on  production  of 
biobased  composites.  Investigation  of  the  effects  of  magnetic 
fields  applied  during  polymerization  and  processing  of  plastics 
on  properties  is  continuing  at  LANL  and  INEL.  Major  efforts 
include  1)  assessment  of  unsaturated  polyester  streams  for 
highest  value  to  be  recovered,  2)  demonstration  of  magnetic  field 
induced  effects  in  commercially  available  composite  prepregs,  and 
3)  establishment  of  new  collaborative  efforts  with  other 
organizations.  Recent  discoveries  at  LANL  have  shown  that 
conducting  polymers  have  useful  membrane  characteristics  and  can 
be  tailored  to  many  specific  applications;  additional  emphasis  is 
being  given  to  this  work. 

Work  on  advanced  ceramic  materials  and  processing  includes  a 
coordinated  effort  in  modeling  and  synthesis  of  materials  by 
chemical  vapor  infiltration  and  deposition  (CVI  and  CVD) , 
microwave  sintering  of  ceramics  and  microwave  drying  of  ceramic 
powders,  and  thermally  insulating  materials.  Goals  for  FY  1992 
include  1)  assessment  of  microwave  drying  of  ceramic  powders  and 
initiation  of  collaborative  effort  with  an  industrial  partner  to 
explore  microwave  processing  of  commercial  ceramic  fibers  (LANL) , 
2)  completion  of  work  on  synthesis  of  hollow  ceramic  spheres 
(aerospheres )  and  continuation  of  technology  transfer  efforts 
(Georgia  Tech),  3)  completion  of  baseline  data  development  for 
processing/structure/property  relationships  for  fiber  reinforced 
titanium  diboride  and  4)  initiation  of  cooperative  work  by  LBL 
and  the  National  Institute  of  Standards  and  Technology  on 
synthesis  of  amorphous  foams  by  supercritical  drying  (aerogels) 
and  by  sol -gel  methods;  this  work  extends  the  potential  uses  for 
such  materials  beyond  thermal  insulation  into  applications  as 
membranes  and  filters,  carriers  for  nanocrystalline  functional 
materials,  and  ion  exchange  media. 

Materials  Manufacturing  Technologies--Surf ace  modification 
research  is  continuing  at  LANL  with  emphasis  on  conducting 
polymer  coatings  for  PC  board  applications,  at  ORNL  on  ion 
implantation  to  increase  surface  hardness  of  polymers,  at  SNLA  on 
chemically  specific  coatings,  and  at  PNL  on  biomimetic  synthesis. 
This  research  area  is  targeted  for  enhancement  after  improvement 
of  coordination  of  current  efforts  and  identification  of  new 
research  areas  and  collaborative  groups.  Highlights  for  FY  1992 
include  1)  initiating  cooperative  efforts  with  the  printed 
circuit  board  industry  to  develop  technology  for  placing 
conducting  polymer  coatings  on  insulators,  2)  development  of 


highly  sensitive  and  chemically  specific  coatings  and  membranes, 
and  3)  initiation  of  an  industry-university-laboratory  group 
effort  to  develop  new  wear  resistant  and  corrosion  resistant 
coatings . 

New  materials  and  processing  are  the  objects  of  intensive 
planning  in  FY  1992.  The  objectives  are  to  determine  what  unique 
processes  can  be  developed  using  inexpensive  raw  materials  and 
new  processing  methods  that  can  reduce  the  number  of  processing 
steps  and  energy  use  during  production.  New  synthesis  methods 
for  nanocrystalline  and  amorphous  materials,  membrane  materials, 
and  new  ceramic  and  metal  matrix  composites  will  receive 
attention.  The  first  new  process  initiated  in  FY  1992  is 
"Synthesis  and  Processing  of  Composites  by  Reactive  Metal 
Infiltration"  at  SNLA.  The  method  will  produce  either  metal 
matrix  or  ceramic  matrix  composites  to  net  shape  or  near  net 
shape  at  relatively  low  temperatures  (above  the  melting  point  of 
the  reactive  metal) .  The  number  of  possible  systems  and  reaction 
sequences  is  large.  Major  efforts  for  FY  1992  are  1)  to 
determine  the  chemistry,  thermodynamics,  and  kinetics  of  the  most 
promising  systems,  2)  determine  the  effects  of  experimental 
variables  on  physical  properties  of  selected  materials,  and  3) 
fabricate  near-net-shape  demonstration  parts.  A  major  effort  in 
engineered  porous  materials  is  being  planned,  to  include  portions 
of  existing  projects,  enhanced  by  new  efforts.  The  work  will  be 
coordinated  with  other  programs  within  the  Office  of  Industrial 
Technologies . 
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Figure  1  Structure  of  research  tasks  in  the  CFCC  Program. 


INTRODUCTION 

Advanced  materials  have  been 
cited  by  the  National  Research 
Council  as  critical  to  the  continued 
economic  growth  and  prosperity  of 
U.S.  industry.  After  examining  the 
role  of  materials  in  eight  major  U.S. 
industries  (which  collectively  em¬ 
ployed  7  million  people  and  had 
sales  of  $1.4  trillion  in  1987),  they 
found  a  universal  need  for  materials 
that  were  lighter,  stronger,  more 
corrosion  resistant,  and  capable  of 
performing  at  elevated  tempera¬ 
tures.1  Continuous  fiber  ceramic 
composites  (CFCCs),  which  have 
high  tensile  strength  in  addition  to 
high-temperature  capability  and  cor¬ 
rosion  resistance,  offer  the  potential 
to  satisfy  material  demands  across 
a  broad  spectrum  of  industrial  appli¬ 
cations. 

Successful  deployment  of  CFCC 
components  in  industry  can  provide 
substantial  benefits  in  the  form  of 
improved  energy  efficiency  and  re¬ 
duced  environmental  impacts. 
CFCC  components  can  be  used  in 
systems  designed  for  the  efficient 
high-temperature  incineration  of 
municipal  and  industrial  waste 
streams,  which  are  generated  at 
alarming  rates  every  year.2  Applica¬ 
tion  of  CFCCs  in  the  demanding  en¬ 
vironments  of  incineration  systems 
could  facilitate  the  reduction  of  the 
waste  disposal  burden,  decrease 
the  toxicity  of  airborne  pollution,  and 
displace  fuel  consumption  through 
useful  energy  recovery  from  waste 
burning.  The  potential  for  energy 
saved  through  power  generation 
and  heat  recovery  from  waste 
streams  has  been  estimated  at 
more  than  0.5  quadrillion  Btus  per 


year.  CFCCs  are  also  being  consid¬ 
ered  for  use  as  components  in  gas 
turbines.  By  allowing  turbines  to  op¬ 
erate  at  higher  inlet  temperatures, 
the  use  of  CFCCs  could  increase 
thermodynamic  energy-conversion 
efficiency  by  as  much  as  4  percent, 
which  is  equivalent  to  a  1 3-percent 
reduction  in  fuel  consumption.  Over 
a  15-year  time  span,  this  improve¬ 
ment  in  efficiency  could  provide  an 
estimated  fuel  cost  savings  of 
$12.7  billion.3 

Knowledge  of  how  to  design,  fabri¬ 
cate,  and  test  CFCC  components  is 
at  a  preliminary  stage,  and  a  sub¬ 
stantial  effort  on  the  part  of  both  in¬ 
dustry  and  government  is  needed  to 
develop  the  necessary  character¬ 


ization,  processing,  and  evaluation 
techniques.  A  comprehensive  strat¬ 
egy  and  plan  to  conduct  a  major  re¬ 
search  effort  on  the  potential  of 
CFCCs  for  application  in  industry 
was  completed  by  the  Office  of  In¬ 
dustrial  Technologies  (OIT)  in  1990. 
The  plan  reflects  the  major  chal¬ 
lenges  that  must  be  overcome  be¬ 
fore  the  significant  potential  of  these 
materials  can  be  realized.  With  in¬ 
put  from  more  than  1 20  companies, 
universities,  and  government  labo¬ 
ratories,  four  principal  tasks  were 
designated  as  the  basis  for  the 
CFCC  Program.  The  tasks  include 
application  assessments,  support¬ 
ing  technologies,  materials  and  pro¬ 
cess  development,  and  scalability 
and  manufacturability.  The  structure 
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of  each  research  task  is  shown  in 
Figure  1  (Ref.  4).  The  ultimate  goal 
of  the  Program  is  to  develop,  within 
U.S.  industry,  the  capability  to  pro¬ 
duce  reliable  and  cost-effective 
CFCC  components  for  industrial  ap¬ 
plications.  Successful  development 
of  a  CFCC  industry  in  the  United 
States  could  have  substantial  im¬ 
pacts — not  just  on  industrial  energy 
efficiency,  but  on  the  environmental 
quality  and  economic  health  of  the 
United  States. 

ENERGY,  ENVIRONMENTAL, 

AND  ECONOMIC  BENEFITS 
OF  CFCCs 

Role  of  Ceramics  in  Overcoming 
Materials  Limitations 

U.S.  industry  has  a  critical  need  for 
materials  that  are  lighter,  stronger, 
more  corrosion  resistant,  and  ca¬ 
pable  of  performing  in  elevated- 
temperature  environments.  Many 
opportunities  for  improvements  in 
energy  efficiency,  productivity,  and 
waste  utilization  are  not  pursued 
because  of  the  lack  of  availability  of 
materials  capable  of  handling  the 
severe  operating  conditions  often 
present  in  industrial  processes.  A 
number  of  advanced  materials  have 
been  developed  with  varying  poten¬ 
tial  to  meet  these  requirements, 
such  as  metal-matrix  composites, 
carbon  composites,  polymers  and 
polymer  composites,  and  ceramics. 
While  many  of  these  materials  com¬ 
pete  with  each  other  under  certain 
operating  conditions,  ceramics  offer 
the  greatest  potential  where  a  com¬ 
bination  of  reduced  weight,  high- 
temperature  strength,  and  environ¬ 
mental  stability  is  needed. 

Although  many  ceramics  perform 
well  at  considerably  higher  tem¬ 
peratures  than  conventional  metal 
alloys,  they  have  a  tendency  to 
brittleness  and  as  a  result  can  un¬ 
dergo  catastrophic  failure  in  service. 
Failure  occurs  when  the  part  is  sub¬ 
jected  to  sufficient  stress  to  propa¬ 
gate  the  microscopic  flaws  or 
cracks  that  are  always  present  in 
ceramic  parts.  Even  with  the  most 


careful  processing  and  fabrication 
methods,  a  statistical  distribution  of 
flaws  will  always  exist.  Conse¬ 
quently,  uncertainty  over  part  reli¬ 
ability  remains  a  key  limitation  in  the 
use  of  ceramics  for  some  applica¬ 
tions.  The  failure  of  a  component  in 
an  industrial  process  can  result  not 
only  in  costly  downtimes  (with  major 
portions  of  a  process  or  a  plant  shut 
down  while  awaiting  repair  or  the 
arrival  of  replacement  parts),  it  can 
result  in  loss  of  product  (losses  can 
reach  into  the  hundreds  of  thou¬ 
sands  of  dollars  if  the  failure  of 
a  forging  furnace  component  were 
to  cause  a  reject  load  of  aircraft 
forgings). 

Considerable  effort  has  been  ex¬ 
pended  in  the  United  States,  Eu¬ 
rope,  and  Japan  to  resolve  the 
problem  of  brittle  failure  through  re¬ 
search  to  increase  the  fracture 
toughness  of  ceramics.  Better  pro¬ 
cessing  to  control  flaws  and  tough¬ 
ening  of  the  ceramic  through  the 
incorporation  of  whiskers  (small 
single  crystals)  have  resulted  in 
some  material  improvements.  How¬ 
ever,  fracture  toughness  values  for 
both  monolithic  ceramics  and 
whisker-toughened  ceramic  com¬ 
posites  remain  low,  and  the  poten¬ 
tial  for  catastrophic  failure  persists. 

Why  Continuous  Fiber  Ceramic 
Composites? 

The  concept  of  ceramic  composites, 
despite  some  limitations,  has  per¬ 
mitted  greater  flexibility  in  develop¬ 
ing  materials  that  exhibit  strength 
combined  with  increased  toughness. 
By  incorporating  second-phase  con¬ 
stituents  (such  as  whiskers,  multi¬ 
filament  yarns,  or  large-diameter 
monofilaments)  toughness  can  be 
improved  substantially.  In  the  case 
of  CFCCs,  a  long  fiber,  such  as  car¬ 
bon,  glass,  or  ceramic  fiber,  is  em¬ 
bedded  in  a  matrix  of  monolithic  ce¬ 
ramic  material.  The  matrix  material 
contributes  chemical  and  thermal 
stability  while  the  fiber  contributes 
high-temperature  strength  and 
toughness.  Like  a  traditional  ce¬ 
ramic,  the  matrix  fails  in  a  brittle 


Figure  2  Fiber  pull-out  Imparts  Increased 
fracture  toughness  to  ceramics. 


manner  through  crack  propagation 
at  localized  flaw  sites.  The  fibers 
provide  toughness  by  arresting 
cracks,  bridging  cracks,  and  a  phe¬ 
nomenon  called  “pull-out,”  shown  in 
Figure  2.  When  a  crack  reaches  a 
fiber,  it  must  divert  around  the  fiber, 
a  process  which  consumes  more 
energy  than  linear  crack  growth. 
Typically  there  is  not  sufficient  en¬ 
ergy  for  the  crack  to  change  direc¬ 
tion  and  bypass  the  fiber,  and  crack 
growth  will  be  arrested  at  the  point 
of  contact.  If  the  crack  is  propa¬ 
gated  by  sufficient  energy  to  deflect 
around  the  fiber,  the  fiber  can 
bridge  the  crack  and  thus  hold  the 
matrix  together.  Finally,  if  the  forces 
upon  the  composite  material  are 
sufficient  to  fail  the  matrix,  the  fibers 
must  be  pulled  out  before  the  com¬ 
posite  can  separate.  This  “pull-out” 
of  fibers  from  the  matrix  requires 
additional  energy,  and  as  the  fibers 
continue  to  carry  the  load,  a  non- 
catastrophic  failure  mode  or  metal¬ 
like  behavior  results. 

The  arresting  and  bridging  of  cracks 
and  fiber  pull-out  are  the  principal 
mechanisms  responsible  for  the  in¬ 
creased  fracture  toughness  and 
markedly  decreased  sensitivity  to 


Figure  3  CFCCs  exhibit  greater  fracture 
toughness  when  compared  with  monolithic 
ceramics. 


flaws  exhibited  by  CFCCs  (see 
Figure  3).  Fracture  toughness  val¬ 
ues  for  CFCCs  from  15  to  25  MPa 
m,/Z  have  been  measured,  repre¬ 
senting  a  considerable  increase 
over  that  of  monolithic  ceramics 
(3  to  6  MPa  m,/2)  and  whisker/ 
particulate-toughened  ceramics 
(8  to  12  MPa  mw).  For  designers 
concerned  with  the  reliability  of  ce¬ 
ramic  parts,  the  increased  tough¬ 
ness  of  CFCCs  should  provide 
added  assurance  when  considering 
the  incorporation  of  such  materials 
into  equipment  design. 

The  defense  and  aerospace  indus¬ 
tries  have  already  recognized  the 
potential  of  CFCCs  and  have  under¬ 
taken  development  efforts  to  use 
these  composites  in  high-perfor¬ 
mance  aircraft  engines.  As  part  of 
the  CFCC  Program  strategy,  a  pri¬ 
mary  applications-and-needs  as¬ 
sessment  was  conducted  to  identify 
opportunities  for  CFCC  use  in  in¬ 
dustry.  Based  on  this  assessment, 
a  list  of  industrial  applications  was 
generated  for  potential  develop¬ 
ment  under  the  CFCC  Program. 
These  applications,  summarized  in 
Table  1,  are  likely  to  produce  con¬ 
siderable  improvements  in  energy 
efficiency  and  help  to  reduce  the 
environmental  impacts  associated 
with  industrial  energy  use  and 
waste  streams.  The  potential  en¬ 
ergy,  environmental,  and  economic 
benefits  of  several  CFCC  applica¬ 
tions  are  shown  in  Table  2.  These 
applications  alone  could  save  more 
than  1  quadrillion  Btus  of  energy 
per  year  and  reduce  NOx  emissions 


by  600,000  tons  per  year.  Numer¬ 
ous  other  environmental  benefits 
could  accrue  from  the  use  of 
CFCCs  in  high-temperature  incin¬ 
eration  systems  (e.g.,  municipal  and 
industrial  waste  streams)  and  pollu¬ 
tion  abatement  technology. 

Technical  and  Economic 
Limitations  of  CFCCs 

Although  CFCC  research  con¬ 
ducted  by  ceramic  suppliers,  univer¬ 
sities,  and  government  laboratories 
is  encouraging,  for  the  most  part  it 
has  not  addressed  material  systems 
and  fabrication  processes  targeted 
to  industry  applications.  Cost  com¬ 
petitiveness  and  product  reliability 
are  the  primary  concerns  of  the  pri¬ 
vate  sector  in  pursuing  CFCCs  for 
commercial  use.  The  development 
of  processing  technology  for  indus¬ 
trial  applications  and  the  related 
needs  for  design,  standardization, 
joining,  and  prototype  demonstra¬ 
tion  will  be  necessary  to  ensure  that 
this  promising  material  reaches  its 
market  potential.  The  CFCC  Pro¬ 
gram  Plan  stresses  the  importance 
of  U.S.  leadership  in  the  develop¬ 
ment  of  CFCC  processing  and  re¬ 
lated  technologies  and  is  committed 
to  building  the  required  technology 
base. 

Maintaining  a  Competitive 
Position 

CFCCs  offer  significant  potential  for 
overcoming  a  number  of  material 
design  limitations  that  currently  re¬ 
strict  the  development  of  advanced 
industrial  technologies.  Before  this 
potential  can  be  realized,  however, 
a  sustained  R&D  effort  will  be 
needed  to  establish  the  capability  to 
analyze,  design,  and  process 
CFCC  materials.  Progress  in  ce¬ 
ramics  development  over  the  past 
decade  has  prompted  the  design  of 
new  equipment  that  takes  advan¬ 
tage  of  the  unique  properties  of  ce¬ 
ramics,  such  as  high  surface  hard¬ 
ness,  resistance  to  corrosive 
environments,  and  strength  reten¬ 
tion  at  high  temperature.  The 
CFCCs  add  a  new  dimension,  that 


of  toughness,  to  these  unique  prop¬ 
erties.  The  near  availability  of  these 
materials  has  led  to  the  design  of 
advanced  systems  with  increased 
thermal  efficiencies  made  possible 
by  operation  at  elevated  tempera¬ 
tures  and  pressures.  One  such  sys¬ 
tem,  termed  a  high-pressure  heat 
exchange  system  (HiPHES),  is  un¬ 
der  development  by  Solar  Turbines, 
Inc.  It  is  expected  to  lead  to  signifi¬ 
cant  performance  increases  in  in¬ 
dustrial  hazardous  waste  disposal. 

Although  the  ceramics  industry,  its 
materials  suppliers,  and  end-users 
recognize  the  potential  of  CFCCs, 
industry  involvement  in  CFCC  de¬ 
velopment  is  currently  discouraged 
by  the  lack  of  a  technology  base 
and  the  expectation  of  an  extended 
gestation  period  preceding  market 
maturation.  In  addition  to  modest 
Department  of  Energy  (DOE)-sup- 
ported  R&D  efforts  in  this  area,  re¬ 
search  in  the  United  States  on 
CFCCs  has  to  date  consisted  pri¬ 
marily  of  limited  research  conducted 
by  the  National  Aeronautics  and 
Space  Administration  and  the  De¬ 
partment  of  Defense  to  develop  ad¬ 
vanced  materials  for  military  and 
aerospace  applications.  For  the 
most  part,  the  focus  of  this  research 
has  not  been  directed  toward  mate¬ 
rial  systems  best  suited  for  indus¬ 
trial  applications.  The  CFCC  devel¬ 
opment  activities  of  these  programs 
represent  about  $17  million  per 
year  of  Federal  spending.5  Defense 
and  aerospace  industries  in  the 
United  States  are  also  spending 
about  $60  to  $70  million  per  year  of 
private  funding  on  CFCC  develop¬ 
ment. 

Several  other  countries  have  also 
embarked  on  significant  govern¬ 
ment-supported  CFCC  develop¬ 
ment  efforts.  The  governments  of 
our  principal  trading  partners  and 
industrial  competitors  (including  Ja¬ 
pan,  France,  Germany,  and  the 
United  Kingdom)  are  currently 
spending  between  $5  and  $35  mil¬ 
lion  per  year  to  develop  CFCC  ma¬ 
terials.6  Efforts  in  Japan  focus  on 
industrial  applications,  while  those 
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TABLE  1 


Recommended  Industrial  Applications  for  the  CFCC  Program 

CFCC  Product  Area/Typical  Examples  Likely  Industrial  Markets 


Stationary  engines 
Combustors,  liners,  wear  parts 

Heat  recovery  equipment  internals 
Air  preheaters,  recuperators 

Burners  and  combustors 
Radiant  tube  burners 

Burners  and  combustors 
Catathermal  combustors 

Burners  and  combustors 
Low-temperature  radiant  combustors 

Process  equipment 

Reformers,  reactors,  high-pressure  heat  exchangers 

Waste  incineration  systems 
Handling  equipment,  furnace  internals,  clean-up 

Separation/filtration  systems 
Filters,  substrates,  centrifuges 

Refractories  and  related  products 
Furnace  linings,  crucibles,  racks,  kiln  furniture 

Structural  components 
Beams,  panels,  decking,  containers 


Primarily  high-temperature  gas  turbines  (especially  combustors); 
possibly  adiabatic  diesels,  S-l  engines 

Any  indirect  heating  uses:  energy-intensive  industrial  processes 
(aluminum  remelters,  steel  reheaters,  glass  melters) 

Potentially  any  indirect-fired,  high-temperature  and/or  controlled- 
atmosphere  heating/melting/heat-treating  use 

Low-NQ  clean  fuel  heating  applications— including  gas  turbine 
combustors,  industrial  process  heat 

Low-NQ  clean  fuel  heating  applications— including  small  scale 
(space  heating)  and  large  scale  (industrial  processes) 

Chemical  process  industry;  petroleum  refining;  corrosives 
handling  and  storage 

Conventional  MSW/RDF  facilities;  advanced  toxic  or  hazardous 
waste  facilities;  with/without  energy  recovery 

Gas  turbine,  combined  cycle,  and  IGCC  configurations;  diesel 
exhaust  particle  traps;  molten-metal  filters;  sewage  treatment 

High-temperature  industrial  heating/metting/heat-treating 
processes  (primarily  retrofit  applications) 

Possible  niche  uses  for  EMI  shielding,  corrosive/abrasive 
environments,  fire  or  missile  protection;  infrastructure  repair 


TABLE  2 


Potential  Impact  of  Several  CFCC  Applications 


Selected  Examples 

Energy  Savings 

Environmental  Benefit 

Economic  Impact 

Gas  turbine  power  generators 

Mature  technology  generating 

350  billion  kWh/yr  of  electrical  energy 

0.4  quad/yr  in  2010 

13%  fuel  savings  for 

135  million  kW  capacity 
additions  2000-2009  (DOE 
baseline  predictions) 

0.3  million  ton/yr  NOx  emission 
reduction 

75%  reduction  in  NOx  over 
conventional  technology 

$1 .3  billion/yr  energy  savings 

$12.7  billion  savings 
projected  for  2000-2014 

High-pressure  heat-exchanger  systems 
Power  generation/Steam  reforming/ 
Heat  recovery 

0.6  quad/yr 

0.1  million  ton/yr  NO*  emission 
reduction  from  reduced  fuel  use 

$2.3  billion/yr  energy  savings 

Radiant  fire  tubes 

Metal  heat  drying/coated  coil  drying 

0.06  quad/yr 

2%  reduction  of  0.235 
quad  for  ferrous  heat 
drying  and  coil  drying 

$0.2  billion/yr  energy  savings 

Aluminum 

Remelting 

Heat  recovery 

0.3  quad/yr 

50%  reduction  of  0.5 
quad  for  aluminum  recycle 

$0.1  billion/yr  energy  savings 

Radiant  burners 

0.2  million  ton/yr  NO*  emission 
reduction 

25%  reduction  of  NO*  emissions 
for  6  quads  of  industrial  fuel 
consumption 
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in  France,  the  Federal  Republic  of 
Germany,  and  the  United  Kingdom 
are  aimed  at  the  development  of 
military  and  aerospace  compo¬ 
nents. 

France  has  exhibited  the  strongest 
commitment  to  CFCC  development. 
It  is  currently  supporting  strong  de¬ 
velopment  efforts  in  ceramic  fibers, 
processing,  characterization,  and 
high-temperature  behavior,  prima¬ 
rily  for  military  and  aerospace  appli¬ 
cations.  France  is  considered  the 
leader  in  the  use  of  chemical  vapor 
infiltration  techniques  to  form  con¬ 
tinuous  fiber  composites  and  has 
licensed  this  technology  in  the 
United  States.  Japan  is  considered 
the  world  leader  in  the  development 
of  ceramic  fibers,  and  R&D  in  that 
country  is  directed  for  the  most  part 
at  opening  new  markets  based  on 
fiber  technology.  Japan  aggres¬ 
sively  pursues  industrial  applica¬ 
tions  to  create  new  markets  for  its 
fibers  and  has  recent  patent  appli¬ 
cations  that  cite  CFCCs  for  a  variety 
of  biomedical,  gas  turbine,  refrac¬ 
tory,  catalyst  carrier,  and  compres¬ 
sor  part  applications. 

Foreign  activity  in  CFCC  develop¬ 
ment  could  have  serious  implica¬ 
tions  for  the  United  States.  Japan 
currently  produces  the  best  fibers  in 
the  world — and  the  best  component 
fabrication  and  processing  tech¬ 
nologies  could  follow.  Foreign  ef¬ 
forts  to  develop  both  CFCCs  and 
ceramics  could  provide  those  coun¬ 
tries  with  the  capability  to  dominate 
CFCC  markets  into  the  21st  cen¬ 
tury.  Foreign  control  of  CFCC  mar¬ 
kets  would  almost  certainly  have  a 
negative  impact  on  the  U.S.  bal¬ 
ance  of  trade,  since  the  biggest 
markets  for  ceramic  fibers,  as  well 
as  for  ceramics  and  ceramic  com¬ 
posites,  are  in  the  United  States. 

The  market  for  industrial  applica¬ 
tions  of  CFCCs  will  be  developing 
over  the  next  five  to  ten  years; 
therefore,  at  this  time,  the  benefits 
of  developing  a  strong  industrial 
composite  technology  base  are  diffi¬ 
cult  to  project  and  quantify  to  a  sub¬ 
stantial  impact  number.  To  maintain 


a  competitive  edge,  however,  it  is 
vital  that  the  capability  to  manufac¬ 
ture  CFCCs  is  developed  now,  be¬ 
fore  the  needs  and  benefits  are  fully 
perceived.  Five  to  ten  years  from 
now,  when  the  potential  of  these 
materials  has  been  proven  and  it  is 
time  to  produce  components  on  a 
commercial  scale,  the  technologies 
must  be  in  place  to  fabricate  CFCC 
components,  to  test  their  reliability 
for  in-service  performance,  and  to 
adapt  processes  for  new  applica¬ 
tions  as  needed. 

Of  particular  importance  is  the  abil¬ 
ity  to  produce  a  CFCC  component 
in  “near  net  shape.”  Because  of  the 
very  high  hardness  of  ceramics,  any 
post-process  forming  is  expensive 
and  time  consuming  (i.e.,  diamond 
bit  tools  are  typically  used  to  ma¬ 
chine  ceramic  surfaces).  Therefore, 
the  CFCC  component  fabrication 
process  becomes  more  economic 
and  time-efficient  the  nearer  it  ap¬ 
proximates  the  desired  end  shape. 
Near  net  shape  is  desirable  in  that  it 
saves  the  end-user  both  time  and 
money;  however,  it  also  requires 
that  the  component  designer  accu¬ 
rately  specify  the  dimensions  and 
design  tolerances  of  the  part  to  the 
fabricator.  If  the  United  States  does 
not  develop  a  domestic,  competitive 
capability  to  produce  CFCC  compo¬ 
nents  to  near  net  shape,  U.S.  com¬ 
ponent  designers  will  be  forced  to 
provide  the  descriptions  of  their  pro¬ 
prietary  designs  to  foreign  ceramic 
companies.  Particularly  in  Japan, 
with  its  system  of  large  multi-com¬ 
pany  combines  (referred  to  as 
keiretsu),  there  is  no  guarantee  that 
those  designs  will  remain  propri¬ 
etary.  Through  part  specification, 
technology  transfer  to  foreign  com¬ 
petitors  will  have  taken  place.  If  the 
United  States  does  not  develop  the 
capability  for  reliable,  cost-effective 
processing  of  CFCCs,  then  that  ca¬ 
pability  will  almost  certainly  be  de¬ 
veloped  by  foreign  competitors.  At 
this  point,  the  possible  future  tech¬ 
nologies  that  could  be  lost  to  for¬ 
eign  competitors  may  not  even  be 
on  the  drawing  boards,  and  the  im¬ 
pact  of  that  loss  cannot  be  pro¬ 


jected.  Supporting  a  strong  CFCC 
R&D  effort  in  the  United  States  now 
will  accelerate  the  establishment  of 
the  necessary  domestic  technology 
base,  will  reduce  the  risks  to  indus¬ 
try  in  developing  markets  for  these 
composites,  and  will  increase  the 
probability  of  U.S.  leadership  in  this 
area.  This  premise  is  a  key  strategy 
of  OIT’s  CFCC  Program:  By  striking 
now,  before  markets  are  fully  identi¬ 
fied  and  the  need  is  obvious,  the 
United  States  will  be  assured  of  the 
competitive  lead. 

CFCC  PROGRAM  STRATEGY 

Drawing  on  the  Collective 
Capabilities  of  Industry, 
the  National  Laboratories, 
and  Academia 

The  threat  of  foreign  competition, 
the  desire  to  achieve  and  maintain 
international  preeminence  in  ce¬ 
ramic  composite  technology,  and 
the  opportunity  to  enable  the  devel¬ 
opment  of  advanced  industrial  tech¬ 
nologies  are  all  strong  incentives  for 
future  CFCC  R&D  efforts.  These 
critical  concerns  can  be  addressed 
by  implementing  a  program  that  ju¬ 
diciously  takes  advantage  of  the 
combined  capabilities  of  industry, 
academia,  and  government. 

Industry’s  role  in  CFCC  develop¬ 
ment  is  vital.  In  recognition  of  this,  a 
crucial  element  of  the  CFCC  Pro¬ 
gram  will  be  the  strategic  involve¬ 
ment  of  industry  in  guiding  technol¬ 
ogy  development  in  directions  that 
are  conducive  to  commercialization 
and  practical  application.  As  a  basic 
premise,  this  involvement  will  re¬ 
quire  that  R&D  work  be  performed 
in  industry  to  ensure  successful 
technology  transfer  and  the  devel¬ 
opment  of  a  competitive  U.S.  capa¬ 
bility  to  produce  CFCCs.  Substan¬ 
tial  participation  by  industry  will  also 
position  the  private  sector  to  set  a 
research  agenda  based  primarily  on 
economic  and  performance  criteria. 
Industry  facilities  for  simulated  and 
in-service  testing  will  provide  feed¬ 
back  on  the  level  of  improvements 
achieved  and  define  remaining  ar¬ 
eas  of  deficiency.  Pilot-scale  dem- 
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onstration  will  be  used  to  assess 
scalability,  manufacturability,  and 
production  economics.  The  national 
laboratories  and  universities  will 
play  a  responsive  role — as  industry 
develops  the  composite  technology, 
national  labs  and  universities  will 
provide  critical  technical  support 
(e.g.,  composite  design,  material 
characterization,  life  prediction,  and 
test  methodologies). 

Role  of  Industry  Cost-Sharing 

Industry  is  expected  to  make  a  sub¬ 
stantial  commitment  to  the  efforts 
undertaken  by  the  CFCC  Program. 
However,  the  extent  of  industry’s 
ability  to  cost-share  will  vary.  The 
Federal  role  in  providing  support  for 
CFCC  R&D  is  already  well  estab¬ 
lished.  The  role  of  industry  in  pro¬ 
viding  cost-sharing  is  more  com¬ 
plex,  being  a  function  of  the 
perceived  investment  risks,  the 
nearness  of  the  technology  to  com¬ 
mercialization,  and  the  ability  of  the 
industry  to  accommodate  the  costs 
associated  with  long-term  R&D. 
Cost-sharing  is  viewed  by  the  Fed¬ 
eral  Government,  however,  as  a 
sound  indication  of  industry  intent. 
Participants  in  the  CFCC  Program 
will  be  expected  to  contribute  some 
of  the  costs  of  performing  the  R&D 
(at  least  10  percent,  initially).  As 
technical  feasibility  becomes  better 
established,  the  prospects  for  suc¬ 
cessful  commercialization  will  in¬ 
crease  and  so  will  expectations  for 
industry  cost-sharing  (50  percent  or 
more). 

Establishing  Industry  Alliances 

An  important  factor  in  the  success 
of  the  CFCC  Program  will  be  the 
early  development  of  a  strong  in¬ 
dustry  consortia  to  provide  essential 
input  for  program  definition.  The  in¬ 
formal  alliance  between  U.S.  ce¬ 
ramic  composites  companies  and 
the  U.S.  Advanced  Ceramics  Asso¬ 
ciation  is  an  important  first  step.  Co¬ 
hesiveness  and  cooperation  among 
fiber  suppliers,  composite  manufac¬ 
turers,  and  end-users  will  also  be 
necessary  to  understand  and  meet 


the  technical  needs  for  practical  ap¬ 
plications  of  CFCCs.  This  interac¬ 
tion  is  a  reflection  of  modern  indus¬ 
try  perspective,  where  the  need  to 
maintain  contact  with  the  customer 
at  the  end  of  the  product  delivery 
line  is  recognized  as  an  important 
element  of  success.  This  has  be¬ 
come  particularly  important  for  in¬ 
dustries  that  are  always  one  step 
removed  from  the  end  product 
(such  as  the  raw  chemicals  manu¬ 
facturer  who  produces  feedstocks 
for  other  manufacturers,  who  even¬ 
tually  produce  final  products). 

To  maintain  the  critical  alliance  be¬ 
tween  all  the  participants  in  the 
chain,  from  fiber  producer  to  com¬ 
posite  manufacturer  to  end-user, 
the  process  development  work  for* 
both  near-  and  far-term  applications 
will  be  conducted  by  heterogeneous 
R&D  teams.  These  teams  will  be 
comprised  of  a  composite  manufac¬ 
turer,  in  most  cases  the  prime  con¬ 
tractor,  plus  one  or  more  fiber 
manufacturers,  fiber  coaters,  pre¬ 
form  makers  (who  wind,  weave,  or 
braid  the  fiber  to  a  specific  architec¬ 
ture),  and  end-users.  Supported  by 
universities  and  national  labs,  these 
teams  will  provide  the  comprehen¬ 
sive  approach  necessary  to  ensure 
the  success  of  the  program. 

As  part  of  its  strategy  to  encourage 
strong  industry  involvement,  DOE 
will  be  supporting  the  development 
of  information  dissemination  tools 
designed  to  raise  the  level  of  com¬ 
munication  between  DOE  and 
CFCC  researchers,  manufacturers, 
and  end-users.  A  computerized  in¬ 
formation  reporting  system  is  being 
planned  to  effectively  expedite  the 
flow  of  information  between  DOE 
and  CFCC  Program  R&D  partici¬ 
pants.  The  system,  which  will  allow 
project  data  to  be  transmitted  di¬ 
rectly  to  DOE,  will  establish  a  route 
to  facilitate  effective  and  timely  re¬ 
sponse  to  R&D  progress.  A  com¬ 
puterized  bulletin  board  will  also  be 
developed  and  made  available  for 
use  by  interested  parties  from  the 
government,  industry,  and  aca¬ 
demia.  The  bulletin  board  will  pro¬ 


vide  a  vehicle  for  keeping  the  ce¬ 
ramics/composites  community  ap¬ 
prised  of  the  progress  of  DOE-sup- 
ported  CFCC  research.  It  will  also 
help  to  raise  the  general  level  of 
communication  on  the  topic  of  CF¬ 
CCs  by  keeping  industry  abreast  of 
workshops,  technology-transfer  ac¬ 
tivities,  and  other  areas  where 
CFCC  R&D  may  have  an  impact. 

Beyond  the  Federal  Role 

It  is  important  to  recognize  that  the 
provision  of  Federal  funding  has 
boundaries— it  can  serve  as  the 
catalyst  for  an  extended  research 
and  development  effort,  but  it  can¬ 
not  guarantee  that  the  end  result 
will  be  a  new,  commercially  viable 
technology.  In  short,  the  successful 
completion  of  a  sustained,  long¬ 
term  research  effort  requires  more 
than  just  financial  support— it  also 
demands  stamina,  flexibility,  and  a 
great  deal  of  foresight.  From  the 
earliest  stage,  the  program  must  be 
more  than  a  research  effort— it  must 
include  the  factors  that,  from  an 
end-user’s  perspective,  will  ensure 
commercialization  farther  down  the 
road.  A  strong  reliance  on  perfor¬ 
mance  requirements  and  a  sharp 
focus  on  applications  will  provide 
successful  guidance  in  targeting 
R&D.  This  approach  will  ensure  that 
the  technology  base  is  being  built  to 
support  CFCC  development  all  the 
way  to  the  marketplace.  A  10-year 
program  is  visualized  for  the  suc¬ 
cessful  development  of  CFCCs.  As 
progress  is  made,  it  is  hoped  that 
the  technical  limitations  preventing 
the  widespread  use  of  these  materi¬ 
als  will  be  eliminated. 

STATUS  OF  OIT  CFCC 
PROGRAM  ACTIVITIES 

Proposals  from  industry  to  develop 
CFCC  processing  technologies  are 
currently  under  review  at  the  DOE 
Field  Office,  Chicago.  Industry  re¬ 
search  initiatives  resulting  from 
these  proposals  are  expected  to  be 
under  contract  by  the  end  of  the 
calendar  year.  Research  to  provide 
generic  and  supporting  technolo- 
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gies  to  the  CFCC  industry  is  already 
under  way  at  the  Oak  Ridge  Na¬ 
tional  Laboratory  and  Pennsylvania 
State  University.  Additional  support¬ 
ing  research  is  being  planned  at  the 
Argonne  National  Laboratory,  the 
Idaho  National  Laboratory,  and  the 
National  Institute  of  Science  and 
Technology. 

CONCLUSION 

CFCCs  have  been  recognized  as  a 
new  class  of  ceramic  materials  with 
the  high-temperature  stability,  cor¬ 
rosion  resistance,  and  toughness 
necessary  for  a  wide  range  of  new 
and  challenging  applications.  The 
energy,  environmental,  and  eco¬ 
nomic  benefits  that  could  be  real¬ 
ized  from  the  successful  develop¬ 
ment  of  markets  for  CFCCs  are 
strong  incentives  for  both  govern¬ 
ment  and  industry  to  conduct  a  ma¬ 
jor  R&D  effort.  In  addition  to  the 
DOE  CFCC  Program,  organized 
support  for  advanced  ceramic  re¬ 
search  is  being  provided  by  trade 


groups  like  the  Aerospace  Indus¬ 
tries  Association  (AIA)  and  the  U.S. 
Advanced  Ceramics  Association 
(USACA).  An  effective  CFCC  devel¬ 
opment  effort  with  participants  from 
government,  academia,  and  the  pri¬ 
vate  sector  will  encourage  U.S.  in¬ 
dustry  to  take  advantage  of  the 
many  industrial,  automotive,  and 
aerospace  applications  of  this  inno¬ 
vative  new  material. 
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DOE/35  COMPANIES,  UNIVERSITIES  AND  NATIONAL  LABS 
TO  IMPROVE  CERAMIC  COMPOSITE  TECHNOLOGY 

New  materials  that  could  significantly  improve  the  efficiency  and 
productivity  of  industrial  manufacturing  processes  are  the  focus  of  a  new 
10-year,  $100  million  program  of  the  U.S.  Department  of  Energy  (DOE).  DOE  has 
announced  plans  to  work  with  10  research  teams,  encompassing  35  companies, 
universities  and  national  laboratories,  to  develop  continuous  fiber  ceramic 
composites  (CFCCs). 

DOE's  Assistant  Secretary  for  Conservation  and  Renewable  Energy, 

J.  Michael  Davis  said,  "U.S.  industry  has  a  critical  need  for  materials  that 
are  lighter,  stronger,  more  corrosion  resistant,  and  capable  of  performing  at 
very  high  temperatures.  Ceramic  composites  may  be  the  answer. 

"The  CFCC  program  is  another  example  of  a  joint  effort  that  draws  on  the 
combined  capabilities  of  industry,  academia  and  government,"  Davis  added. 
"Successful  development  of  these  materials  would  have  a  positive  impact,  not 
only  on  industrial  energy  efficiency,  but  on  U.S.  competitiveness  and  job 
creation. 

(MORE) 
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Deputy  Assistant  Secretary  for  Industrial  Technologies,  Alan  J.  Streb, 
pointed  out  that  industrial  applications  for  the  CFCC  program  range  from  heat 
exchangers  to  critical  components  for  high-temperature  gas  turbine  engines. 
Streb  said  the  potential  for  annual  energy  savings  runs  in  the  billions  of 
dollars. 

The  7.6  million  dollars  in  contracts  will  be  let  to  the  10  industry  teams 
for  Phase  One  of  the  CFCC  program.  To  last  from  15  to  24  months,  Phase  One 
will  assess  the  feasibility  of  the  composite  process,  establish  process 
development  goals  and  set  performance  targets. 

(Attached  is  the  list  of  the  ten  industry  team  leaders). 


-  DOE  - 
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INDUSTRY  TEAM  LEADERS  FOR  CFCC  PHASE  ONE 


Allied  Signal  (Garrett  Ceramic  Components) 
Torrance,  CA 

Alzeta  Corp. 

Santa  Clara,  CA 

Amercom,  Inc.  (an  Atlantic  Research  Corp.  Company) 
Chatsworth,  CA 

Babcock  and  Wilcox 
Lynchburg,  VA 

The  Dow  Chemical  Company 
Midland,  MI 

Dow  Corning  Corp. 

Midland,  MI 

Dupont-Lanxide  Composites,  Inc. 

Newark,  DE 

E.I.  Dupont  de  Nemours  and  Company,  Inc. 
Wilmington,  DE 

General  Electric  Corporate  Research  Division 
Schenectady,  NY 

Textron  Specialty  Materials 
Lowel 1 ,  MA 
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The  flexural  strength  of  a  unidirectionally  reinforced  FT700/BMAS  composite 
was  assessed  in  both  air  and  argon  at  temperatures  up  to  1200°C.  When  tested  in  argon, 
the  composite  exhibited  no  drop  in  strength  up  to  1200°C  and  showed  no  signs  of  any 
plastic  deformation  in  the  matrix,  indicating  that  the  structural  integrity  of  the  matrix  at  these 
temperatures  is  excellent.  (Limited  flexural  creep  testing  has  indicated  that  these  materials 
can  maintain  a  load  of  at  least  240  MPa  at  1150°C  for  one  hour  without  any  evidence  of 
creep.)  Samples  tested  in  argon  were  held  at  temperature  for  approximately  15  minutes 
prior  to  testing. 

Samples  evaluated  in  air  were  inserted  into  a  hot  furnace  (800°C)  and  then 
ramped  to  the  test  temperature  at  ~50°C/min.  The  load  was  applied  once  temperature  was 
reached.  The  numbers  in  parentheses  indicate  the  approximate  time  that  the  sample  was 
above  800°C  prior  to  the  load  being  applied.  It  is  clear  that  strength  degradation  due  to 
oxidation  of  the  carbon  fiber  begins  to  occur  rapidly  under  these  conditions.  However, 
samples  maintained  greater  than  70%  of  their  strength  even  at  the  maximum  test 
temperature  of  1200°C.  This  suggests  that  these  materials  may  be  suitable  for  one-time 
short-teim  applications  such  as  missile  components. 
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their  characterization  is  underway 
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